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The object of Part I. of this treatise is to supply a con- 
densed compendium of information on the Metallurgy 
of Lead, accurate as well as fairly up-to-date, and useful, 
therefore, to the busy working metallurgist as well as to 
the student. As regards American and German practice, 
the ground has been so well covered by the recent works 
of Hofman and Schnabel, that little has been attempted 
beyond condensing the information contained in the above 
works, supplementing it from other contemporary sources 
and from the Author's own practical experience and 
observation, and presenting a digest of the whole in a 
compact form. 

In addition, however, Australian practice in smelting 
and in desilverisation will be found here described for 
the first time in considerable detail. It is further hoped 
that the standpoint aimed at in considering the whole 
subject, which is cosmopolitan rather than one mainly 
American or German, will render the information supplied 
more useful to English students and metallurgists. 

With the object of economising space, as well as of 
facilitating reference and comparison, details of the 
practice at particular localities have been, as far as 
possible, thrown into the form of tabular statements. 
These will be found scattered throughout the book in 
almost every chapter, and it is hoped they will prove a 
useful feature. 



PREFACE. 



Free use has been made of published literature on the 
subject, so far as it has been available to the Author. 
The source of all contributions is acknowledged in the 
footnotes, but special acknowledgment should be made 
to the works of Hofman {Metallurgy of Lead, 2nd 
edition, New York, 1893) and Schnahel {Handhuch der 
Metallhwttenkunde, Berlin, 1894), to the Eiigineering and 
Mining Journal of New York, the Transactions of the 
American Institution of Mining Engineers, the Columbia 
College School of Mines Quarterly, and the Berg- und 
Huttenmiinnische Zeitung ; also to those friends who 
have supplied statistical information, and to many gentle- 
men in charge of metallurgical works, who, although 
personally strangers, have very kindly afforded the Author 
most valuable assistance. 

Errors may have crept in, partly owing to the 
exigencies of a busy professional life, partly through the 
Author's absence from civilisation, which rendered it 
impossible for him to read all the proof-sheets. For all 
such shortcomings, he begs indulgent consideration at the 
hands of those who may have occasion to read or consult 
these pages. 

HENRY F. COLLINS. 

MiNA DE St.'. Fb, 

Chiapas, Mexico, 

June, 1899. 
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PART I.— LEAD. 



SECTION I— INTRODUCTORY. 

CHAPTEE I. 
SAMPLING AND ASSAYING OF LEAD AND SILVER ORES. 

Sampling of Ores.* — Ores frequently arrive at a smelting or 
other metallurgical works in a more or less damp condition ; 
hence the first operation after weighing the parcel or lot is that 
of taking a sample for moisture. For this purpose several pounds 
are taken from different parts of the heap or from different 
sacks, and immediately carried in a covered can (after roughly 
crushing, if necessary) to the assay office, where duplicate quan- 
tities, of say 2 lbs. each, are weighed out and dried in an iron or 
porcelain dish. 

The sampling proper is, except in the case of very rich silver 
ores, always begun by the method oi fractional selection. This 
consists in setting aside as the bulk sample every fifth, tenth, or, 
in the case of very poor ores, every twentieth shovelful or sackful 
as unloaded. This bulk sample, if not already broken at least to 
egg-size, must be passed through a crusher before the next 
operation can be undertaken. Its further reduction may be 
effected by hand or machine. The former method is commoner 

* The student may consult with advantage Eeed, S.M.Q., vol. iii., p. 253; 
vol. vi., p. 351; Glenn, Tram. A.I.M.E., vol. xx., p. 155; Johnson, 
E.M.J. , 1892, Jan. 16 and 23; also Hofman, Metallurgy of Lead, N.Y., 
1893, pp. 45-68, where American methods are given in detail. 
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in Europe, and wherever labour is cheap ; the latter method, re- 
quiring less labour, and occupying much less space, besides being 
more exempt from any suspicion of unfairness, is coming into 
use throughout the United States. Mechanical sampling has, 
however, three grave defects: — (1) The process is not open to 
view all the time ; (2) the working parts of the machines are 
comparatively difficult to get at and thoroughly clean between 
successive samplings. This is a serious objection in a works 
receiving lots of ore which contain from 10 ozs. up to 1000 ozs. 
per ton. (3) The whole of the sample to be passed through a 
machine must be crushed much finer than is necessary in the 
case of hand sampling. This is an objection from the point of 
view of the blast furnace smelter, as regards such of his ores as 
do not require roasting ; it makes no difference, however, in 
the case of ores which are to be roasted or milled. 

Mechanical Sampling. — Sampling machines are constructed 
on two different principles. In the first, or " continuous," kind 
a certain proportion (often one half) of the stream of ore falling 
from a funnel is continuously diverted to one side, the same 
process being repeated at a lower level on the remainder of 
the stream until what is left, say one-eighth or one-sixteenth, 
is sufficiently small to serve as the bulk sample. On this 
principle is the Pipe Ore Sampler supplied by Messrs. Fraser 
& Chalmers,* but the great objection to all in this class of 

machine is that a falling stream of 
ore is by no means uniform over all 
parts of its sectional area, and there- 
fore the sample resulting may not 
correctly represent the bulk run 
through the machine. 

An English machine of this class, 
though on an improved principle, is 
that of Clarkson, which consists of 
a revolving conical hopper, which, 
by means of a fixed cone placed be- 
neath, spreads the material to be 
sampled in the form of a rotating 
annular stream. Two equal segmen- 
tal spouts collect two similar and in- 
dependent samples, which may be 
made at pleasure, 5 per cent, or 10 
per cent, each of the original material. 
Fig. 1 1 shows the construction of this 
machine, which must be regarded as 




Fig. 1. — Clarkson's Ore 
Sampler. 



a great improvement on all others of its class. 

• Figured in Hofman, (yp. cit. , p. 53. 

t Taken from Foster, Ore and Stone Mining, p. 635. 
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In the second, or intermittent, kind of sampling machine, the 
whole stream of ore is deflected for a certain fraction of time, 
say one-fourth or one-eighth of a revolution, and this same 
intermittent deflection is continued till a fraction of manageable 
size is obtained, which, if the stream has been fairly steady, will 
be a true sample of the whole. Two good machines of this 
class are those of Brunton* and Bridgman^ ; the latter, like 
Clarkson's, can take simultaneously two perfectly independent, 
duplicate samples. 

Hand Sampling. — Instead of requiring all the parcel of ore to_ 
be crushed moderately fine at once, the system of hand sampling 
admits of a gradual reduction in size by stages of only the portion 
selected at each preceding stage, the rejected bulk of the ore 
thus remaining much coarser than is necessary for accurate work 
in machine sampling. As pointed out by Eeedj; for ores of any 
given grade, there is a definite maximum ratio between the bulk 
of the sample which is to be reduced in size at each stage and 
that of the largest individual piece ; and where accurate results 
are required from hand sampling this ratio must be clearly borne 
in mind. The following table slightly modified from Reed shows 
approximately the maximum size permissible before commencing 
each successive stage in the reduction : — 



BULK AT EACH STAGE. 
Reduction from— 


Valde in Silver— Oz. per Ton. 


Richest lump, 

300 0Z8. 

Average between 
20 and 60 ozs. 


Richest lump, 

3000 OZS. 

Average between 

60 and 160 ozs. 


Richest lump, 

10,000 OZS. 

Average, say, 

600 OZS. 


100 tons to 10 tons, . 

10 tons to 1 ton, . . 

1 ton to 200 lbs., 

200 lbs. to 20 lbs., . . 

20 lbs. to 4 or 5 lbs.,. 

4 or 5 lbs. to bottle sample 


Cocoanut. 
Orange. 
Wahiut. 

Pea. 
12 mesh. 
80 mesh. 


Fist. 

Egg- 
Filbert. 
Wheat. 
16 mesh. 
100 mesh. 


Small orange. 
Walnut. 
Filbert. 
Wheat. 
20 mesh. 
120 mesh. 



Hand sampling is still largely employed, and even to some 
extent in the United States §; the chief requisite for carrying it 
out is a large sampling floor under cover, as level and closely laid 

* Trans. A.I.M.E., vol. xiii., p. 639; and Hofman, op. cit., p. 55. 

+ Trans. A.I.M.E., vol. xx., p. 416 ; also Hofman, op. cit., p. 58. 

t8.M.Q.,\o\. vi.,p. 357. 

§ See the author's paper in Proc. Civ. Eng., vol. cxii.. Part II., p. 141. 
Brunton in a recent paper read at the Atlanta meeting of the A.I.M.E. 
<Oct. 1895) ably discusses this question of crushing between different stages 
of the cutting down, and arrives at certain figures which differ considerably 
from those given by Reed (v. Tram. A.I.M.E., vol. xxv., pp. 826-844). 
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as possible. Frequently a double layer of plank is employed, so 
as to permit of more easy replacement when worn, but sometimes 
a single layer of thoroughly well-seasoned oak plank 2 inches 
thick is found sufficient. A better arrangement is to have, at 
any rate, that part of the floor intended for quartering down 
samples of less than a ton in weight made of heavy boiler plates, 
with planed edges closely butted, and fastened by means of 
countersunk screws. 

Two main methods are employed for "cutting down" a sample 
— viz., "quartering" and "split-shovelling." 

Quartering. — In this operation the ore coming from the 
crusher- or rolls-shoot is wheeled on to the floor and tipped, so 
as to form a ring 8 to 16 feet in diameter. Within this ring 
when completed two samplers stand on opposite sides, and 
walking round the circle in the same direction, so as to always 
remain diametrically opposite each other, they throw alternately 
shovelsful of ore to the centre of the ring. In doing so, care 
is taken that each shovelful shall fall directly upon the apex of 
the conical heap already formed, so that it may spread evenly 
down the sides. When the ring has been transferred to the 
centre the floor is swept up, the sweepings being placed on the 
top of the cone. The heap is then cut down by two or four 
men with square-ended shovels, who walk round it working in 
pairs on opposite sides, and beginning about two-thirds of the 
way up, chop it down outwards till it takes the form of a flat 
circular cake from 6 to 15 feet diameter and from 6 to 12 inches 
thick. The cake is then cut into four quarters (whence the 
name " quartering ") by means of a straight-edge, or merely by 
marking its surface and making paths through it with a shovel ; 
two opposite corners are then removed to a bin, where they 
remain until settlement is made, in case re-sampling should be 
demanded by the seller. From the remaining two quarters a 
new cone is built up in another spot a few feet away, and the 
same process is repeated until the sample is small enough for 
another crushing operation, which is performed by rolls when 
the sample is already of nut size or smaller. When the ore is 
very dry it is advisable to damp it down with a hose, to make 
the fine dust, which is frequently the richest part, stick properly 
to the lumps ; otherwise a portion of it may be blown away, or 
become unevenly distributed through the coarse, which would 
lead to error. 

Split-Shovel Method. — The tool known as the split-shovel 
consists of a narrow deep trough or series of troughs the same 
length as a square-ended shovel, and attached to a similar 
handle. The width of the troughs is determined by the maxi- 
mum size of the particles of ore, and should be four times the 
diameter of the largest piece, so that ore of J-inch mesh requires 
2-inch troughs. The split-shovel for coarse ore above filbert size 
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may be a single trough one-fourth or one-eighth the width of the 
square-ended delivering shovel ; but for finer ore it is prefer- 
ably composed of several troughs, the aggregate width of which 
is one-fourth or one-half the width of the delivering shovel. In 
this method of sampling, two men face each other, the split-shovel 
being held by the assistant while the sampler throws the ore 
from his square-ended shovel in a wide flat stream directly 
towards the troughs. A definite proportion, one-fourth to one- 
half, is thus caught in the troughs, the remainder passing through 
to form the rejected heap. When nearly full, the troughs are 
emptied on to a separate heap, which is the reduced sample. 
The process is repeated until the sample is small enough to 




Fig. 2.— Split Shovel. 

require crushing finer, when the same process is repeated over 
another split-shovel with narrower troughs. A split-shovel 
with four troughs is shown in Fig. 2. 

Brunton * lias patented a useful tool, which he calls a 
" quartering-shovel " (Fig. 3), and which greatly lessens the 
time and labour of cutting down. It works on the split-shovel 
principle, but saves the labour of one man ; it is filled like 
an ordinary shovel by digging into the heap, the operator then 




Kg. 3. — Quartering Shovel. 

by a swift backward swing throws out three-fourths of the load 
over the open back of the shovel into the rejected heap, while 
the remaining one-fourth retained in the deep central trough 
forms the sample. 

Finishing Sample. — When a sample has been cut down by 
either of the above methods to about 100 lbs. it is usually 
passed through a pair of fine rolls which reduce it to about 
10 mesh size (or smaller in the case of very rich ores), and is 
then again quartered or split-shovelled down to about 10 or 
20 lbs., which is taken to the " bucking room " for further 

* E. and M. J., June 20, 1891. 
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reduction. Sometimes this is done by hand, more commonly 
by a sample grinder of the cofifee-mill type; in any case the 
whole sample is ground to pass a mesh which, on different ores 
and at different works, varies from 12 to 20 holes to the linear 
inch. It is then again reduced by quartering, or by the use of 
the "sampling tin" (which is only a split-shovel on a very small 
scale) till it weighs only 2 or 3 lbs. This final sample is dried 
and ground down on a clean bucking plate till it passes an 80 
or 100 mesh sieve, and then after thorough mixing by rolling 
over and over on a sheet of thin indiarubber is filled into bottles 
or stout paper bags, which are sealed. In- every case one sample 
is given to the worlds' assayer, one to the seller of the ore or his 
assayer, and one or more others are retained as "checks' or 
" controls " in case dispute should arise. 

In case part of the sample remains upon the sieve as metallic 
threads or scales, which frequently happens in the case of ores 
containing native silver or " chlorides," such portion is weighed 
and assayed separately, the weight of sample passing the §ieve 
being also determined. The correct assay value of the ore is 
then the amount shown by assay of the fine powder plus the 
assay of the " metallics " calculated back on the weight of sample 
which passed the sieve. 

Assaying. — This term, strictly speaking, should be confined 
to the determination of the lead and silver contents as a basis for 
purchase, and as regards rich galenas little else is ever required. 
In the case of complex ores, however, it is necessary to deter- 
mine many other ingredients, not only as a guide in making up 
the furnace charges, but also as a basis for purchase, as will be 
afterwards explained (Chap. viii.). 

The determination of lead, silver, and gold as a basis for 
purchase is always made in the dry way — all other constituents 
are determined in the wet way by short and convenient methods, 
most of them volumetric. These are described in Chap. viii. on 
the Calculation of Charges. 

Dry Assay for Lead.* — There are many different modifica- 
tions of the dry assay for lead, but only the two which give most 
satisfactory results need be described here. 

1. Method for Pure Galenas containing upwards of 10 per cent. 
Lead. — The best method is the iron crucible assay, commonly 
used in England, and in Belgium and Silesia ; it is performed in 
the ordinary crucible wind-furnace, and the crucible employed 
is of wrought iron 4 inches high. The quantity of ore taken is 
usually 400 grains or 30 grammes (at Tarnowitz 50 grammes), 
and the flux employed is, according to Percy, a mixture of 

* The student may consult Phillips' Elements of Metallurgy, 1891 , pp. 626, 
etseq.; Percy, Metallurgy oj Lead, pp. 104-119; Balling, Probirkimdt, 
Brunswick, 1879, and Gautier's translation, Manuel de I'art de VEssayeur, 
Paris, 1881 ; Mitchell's Manual oj Assaying, &c. 
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carbonate of soda 7 parts, dried borax 3 parts, and cream of 
tartar 1 part,* an equal quantity of which is mixed with the 
weighed sample. The iron crucible is brought to a bright red 
heat, the mixture shot in from a copper scoop, and the crucible 
replaced in a hot fire without loss of time, a " cover " of borax 
being added. As soon as the mixture is completely melted 
(which should take about five minutes), the contents of the 
crucible are stirred and its sides scraped down with a chisel- 
ended iron rod. The crucible is returned to the furnace for 
a few minutes, again removed, the sides again scraped down and 
the stirrer washed in the slag, after which the crucible is tapped 
a few times to settle the lead, and poured ; any small globules 
adhering to the pot being also turned out by a sharp tap or two 
of the crucible held upside down in the tongs. When cool, the 
button of lead is separated from the slag (which is generally 
quite clean), -cleaned, and "cubed up" under the hammer, and 
weighed. Pure galenas, by this method, will always yield 
84 per cent, of lead, provided the temperature is high enough 
to complete the assay in ten minutes, whereas with the " iron- 
nail " and other methods it is impossible to get more than 82 or 
82^ per cent. Percy proved t that when the gangue consists 
exclusively of calcite or barytes the results given by this 
method are not materially lower in the case of even very poor 
ores than with rich, the actual loss averaging only 1 to 1^ per 
cent, on the weight of ore taken. When, however, the gangue 
consists mainly of silica the results on poor ores (8 to 25 per 
cent.) are from 3 to 3^ per cent, lower than the truth, this error 
in the case of an 8 per cent, ore amounting to no less than 
35 per cent, of the total lead present. 

2. Metlwd for every other Variety of Lead Ore-X — Many 
difierent methods of assay in clay crucibles have been recom- 
mended in works on assaying, and the number of fluxing 
mixtures employed is very large, but according to pretty general 
experience no method is so universally applicable as the so-called 
"Colorado assay," which is practically identical with the Frei- 
berg assay described by Balling, § and was undoubtedly brought 
from Freiberg. The assay is conducted in the ordinary large 
scorification mufile, which is 19 inches by 12 inches inside, and 
the crucibles used are the "Colorado A A and A" of the 
Battersea Crucible Company, the former (corresponding with the 
5-gramme cup of the Denver Fireclay Co.) being 2^ inches high 

* The author has found that ordinary "lead flux," composed as described 
in the next section, can be advantageously substituted for this mixture. 

■^Metallurgy of Lead, pp. 113, et seq. 

Xv. Furman, Manual of Practical Assaying, N. Y., 1893, p. 137; also 
Hofman, Metallurgy of Lead, N. Y., 1893, p. 70; lies, S. M. Q., vol. xv., 
p. 336. 

§ French edition, Manuel de I'art de I'Essayeur, 1881, p. 444. 
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by 2| inches wide at top, and the latter 3 inches high by 2f 
inches wide (corresponding with the lO-gramme cup of the 
Denver firm). The smaller size is amply sufficient for all lead 
ores properly so calledr— i.e., over 10 per cent, lead contents, while 
the larger size is required for slags and poorer ores. There is no 
agreement about the best composition for lead flux, but the author 
adds to 5 grammes of ore, 20 grammes of flux made according 
to Plattner's original formula — viz., 2 parts potassium carbonate, 
2 parts sodium bicarbonate, 1 part powdered borax glass, and 

1 part flour. Furman, * however, recommends a lead flux with 
only half the above proportion of borax, while lies f uses 30 
grammes of a flux made up by the Denver Fireclay Company, in 
which the proportion of sodium carbonate is somewhat increased. 
The ore and flux should be very thoroughly mixed in the 
crucible with a spatula or glass rod, and well settled down by 
tapping. According to lies, a cover of borax is only requisite 
in the case of slags and basic ores, but it is recommended by 
Furman to be used in all cases, except in the presence of much 
As, Sb, and Zn, and its use generally gives higher results, 
though it undoubtedly prevents the elimination of volatile 
metals. After well tapping down, from 1 to 4 "tenpenny" nails 
are added, points downward, according to lies, for they are 
then less likely to retain small globules of lead than if heads 
downward as recommended by Mitchell and other authorities. 
No nails are required if the ore be oxidised ; one is sufficient in 
the case of a slag, three if a rich sulphide ore, and four if 
pyritous or cupriferous. Fusion in the muffle takes from fifteen 
to twenty minutes if the heat be right, or may take thirty 
minutes if the temperature be too low. As soon as tranquil 
fusion is obtained the crucible is withdrawn, and the nails 
removed one by one with a pair of short tongs, washing each 
carefully in the slag to detach any adhering globules of lead. 
The crucible is then tapped a few times, and poured into a 
scorifier mould, or on to a cast-iron plate as recommended by 
lies. In the latter case the button cools almost instantaneously, 
and is readily separated from the brittle slag, which should 
contain no globules. Duplicate assays ought to agree to within 
0*5 per cent., and in practice they frequently agree within 1 
centigramme on the button ( = 0-2 per cent.). 

In spite of this agreement, however, and of the fact that lead 
ores are always purchased on the dry assay, the process is not 
accurate ; for there is always a large though variable volatilisa- 
tion loss, which is compensated to a variable extent by the 
presence of other metals alloyed with the button. IlesJ has 
gone into this matter in detail, determining the impurities in 
700 buttons from ores averaging 34 per cent, lead, and checking 

* Op. cit., p. 68. +/S. M. Q., vol. xv., p. 341. 

tLoc. cit., p. 339. 
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the dry assay by the wet assay of Alexander given below. 
He finds the average volatilisation loss on ores of this grade 
to be 7 '20 per cent., which is offset by impurities in the 
buttons amounting to 3-75 per cent, of their weight (gold and 
silver 0-42 per cent., Sb, Cu, Fe, <fec., 3-33 per cent.); so that 
the net amount by which the dry assay is too low, is in this 
case 3-45 per cent, of the weight of lead present. He suggests 
the employment of the wet assay for lead, with a uniform 
deduction of 2 per cent. ; as is nowadays commonly done in 
the case of copper, to obtain the so-called "dry assay" on mattes 
and high grade ores. 

Wet Assay for Lead.* — There are several excellent methods 
of determining lead in the wet way, but for works' purposes only 
those which are quick as well as accurate are acceptable. The 
following well-proven methods are in common use : — 

1. Gravimetric, weighing as Ph (von SchuUz & Low) A — Take 
1 gramme of ore, dissolve in a :250 c.c. flask with 10 c.c. con- 
centrated HNO3 and a few drops of HCl, boil, add 10 c.c. strong 
HjSO^ and boil till white fumes of SO3 are given off. Cool, 
dilute with 50 c.c. of water, add 2 grammes Rochelle salt, boil, 
filter, and wash residue of PbSO^ and gangue with 1 : 10 dilute 
H2SO4. Dissolve out the PbSO^ on the filter into a small 
beaker with a boiling solution of AmOlj decant into original flask, 
boil residue with a few c.c. of strong NaHO, precipitate with 
H2SO4 avoiding excess and rinse into beaker ; acidify with HCl 
and add two or three strips of Al sheet to precipitate the lead. 
When precipitation is complete (five minutes is sufficient) boil 
a few moments, fill up flask with cold water, settle and decant 
into a porcelain dish to make sure of catching any particles of 
lead, repeat the washing several times, then invert over a tared 
porcelain crucible to collect the lead, rub off the Al with the 
fingers, settle and decant off the water. Press the Pb into one 
mass with an agate pestle, wash with hot water and then with 
95 per cent, alcohol, dry carefully and weigh quickly. The 
determination takes from thirty to forty minutes, and the results 
are accurate, though subject to a plus error of from 0-1 to 0-5 
per cent., due to impurities (chiefly silicon) in the aluminium, 
which are weighed as Pb ; and to some oxidation of the lead 
itself. 

2. Volumetric, with Standard Ammonium Molyhdate (Alex- 
ander). \ — Ammonium molybdate gives a white precipitate with 
lead acetate until the whole of the lead present is thrown down, 
any excess of molybdate being shown at once by the yellow 

* E. and M. J., June 18, 1892, and J. Am. Ohem. Sac, vol. xv., p. 548. 

+ «. Furman, op. cit., p. 137, et seq.; also Hofman, Min. Ind., vol. ill., p. 
422; and Low, J. Am. Chem. Sac., vol. xv., p. 548. 

J Colo. S. S. M. 8. Q., vol. ii., No. I. , p. 60 ; also E. and M. J., April 1, 
1893. 
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colour which it gives with a fresh solution of tarniin. The in- 
dicator is made by dissolving 1 gramme of tannin in 300 c.c. of 
water, and is used in the form of drops, on. a^ porcelain plate. 
The standard solution is . prepared by dissolving 9 grammes 
AmjMoO^ in 1 litre of water containing a few drops of AmHQ. 
One c.c. of the solution should equal about "01 gramme of lead, 
but it is standardised by weighingput 0-3 grammeof pure PbSO^, 
which is dissolved in hpt ammonium acetate, acidified with acetic 
acid and diluted to 250 c.c. It is then heated to boiling, and the 
molybdate dropped in till a yellow colour, is, produced, on adding 
a drop of the solution to one of the tannin drops on the plate. 
The standardisation is performed in duplicate, and the value of 
1 c.c. calculated. 

For the assay, take 1 gramme if under 30 per cent. Pb, or 
I gramme if over that percentage, heat in a small porcelain dish 
with 15 c.c. strong HNO3 and, 10 c.c. strong HjSO^ until the 
former is all expelled and white fumes of SO3 begin to come off. 
Cool, dilute with a few c.c. of cold water, add hot water and 
boil out soluble sulphates; decant into a small filter, , wash in 
the dish thrice with hot dilute HgSO^ (1 : 10), and once with a 
little cold water. Boil up with saturated ammonium acetate, 
pour through filter into a small beaker ; repeat till PbSO^ is all 
dissolved, wash with hot water, acidify with acetic acid, dilute 
with hot water to 250 c.c, and heat to boiling. Run in the 
molybdate with constant stirring, testing drops on the plate 
with the tannin indicator. The accuracy of the method is not 
interfered with by As, Sb, Zn, Gu, or P, which all pass into the 
original HjSO^ solution ; Low,* however, states that it is inter- 
fered with by lime. 

3. Volumetric, with standard KMnO^ (Knight).''! — As originally 
proposed, the method consisted in dissolving out PbSO^ from 
the insoluble residue, after dissolving as above, by means of HCl, 
precipitating with zinc, dissolving the Pb in 10 c.c. dilute HNO3, 
neutralising with NajOOg and acidifying with acetic acid. The 
solution was mixed with an equal volume of alcohol and pre- 
cipitated with pure oxalic acid, the oxalate filtered off, washed 
successively with dilute alcohol and with water, dissolved in 
HjSO^ and titrated with KMnO^. 

Low's } improvement on this method consists in precipitating 
the Pb with Al exactly as in his gravimetric method. He then 
dissolves the Pb in 5 c.c. HNOg (1 : 2), warms, pours into a small 
beaker to get out the Al, returns to flask, adds 2 drops of 
phenolphthalein, then a slight excess of strong NaHO, and lastly, 
10 CO. cold saturated solution of oxalic acid, cools, filters, and 
washes with cold water. Place in flask 75 c.c. of hot water, add 

* Loc. cit. 

t Proc. Colo. Sci. Soc, Nov. 7, 1892. E, and M. J., Dec. 10, 1892. 

J /. Am. Ohem. Soc., vol. xv., p. 548 ; also Min. Ind., vol. iii. p. 422. 
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a few drops H2S0^, boil, drop in filter with contents, and titrate 
with Y(\ permanganate. 

This is an admirable method subject only to a minus error 
amounting to about ^ per cent., owing to the solubility of lead 
oxalate. Its great convenience is that it does away with the 
necessity of keeping a separate and expensive standard solution 
of molybdate and utilises the same solution already employed 
for volumetric determinations of manganese, iron, and lime, its 
standard in terms of Pb being that in terms of Fe x 1-84:8. In 
a works laboratory it is often a convenience to employ as few 
standard solutions as possible, since the amount of standardisation 
to be done is thus reduced to a minimum. The method, how- 
ever, is not nearly so direct and rapid as that with molybdate, 
which is therefore to be preferred in works where large numbers 
of wet lead assays have to be made. 

Other volumetric methods are those with ^^^'^2^7* ^^^ with 
K^FeOygjt but although these utilise solutions already employed 
for other works assays (Fe and Zn respectively), they do not 
seem to have come into such common use as those above 
described. 

Assay for Silver and Gold. — These metals are always deter- 
mined by the dry assay, according to which they are first 
collected in a button of lead, which is then cupelled and the 
resulting bead of gold and silver weighed. The gold is after- 
wards " parted " from the silver by means of nitric acid, and 
weighed in the metallic condition ; the diflFerence between its 
weight and that of the bead obtained by cupellation being the 
weight of silver. 

In the case of rich galenas, of which 400 grains or more have 
been taken for lead assay by the iron crucible method, the reduced 
button of lead contains all the values in gold and silver, and all 
that is necessary is to cupel this button. 

For all other ores a separate assay must be made for the pre- 
cious metals. Two different methods are employed — viz., the . 
crucible assay and the scori/ication assay. The former is in use 
everywhere for gold ores, but for silver chiefly in England and 
on the Pacific Coast ; while the latter is exclusively employed 
for lead-silver ores in Germany as well as in Colorado and other 
smelting centres of the United States. When the ore to be 
assayed is either poor or refractory (especially if basic); when a 
large part of its silver contents is in the form of chloride or 
combined with arsenic or antimony; or when it contains any 
mineral which even in fine powder decrepitates on heating, the 
crucible assay will generally give more uniform and more reliable 
results. The scorification assay is undoubtedly to be preferred 

* Croasdale, E.M.J. , Feb. 11,1893. 

t Beebe, E.M.J., July 17, 1894; Low, /. Am. Chem. Soc, vol. xv., p. 548. 
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for lead ores, for coppery ores, for sulphides (except such as 
decrepitate badly), and generally for those medium grade docile 
ores which contain most of their silver finely disseminated 
through the other minerals. On such ores the uncorrected 
scorification assay is higher than the uncorrected crucible assay. 

Scarification Assays. — These are best performed in triplicate, in 
a muffle sufficiently wide to take three of the largest-sized 
scorifiers side by side. The muffles used in American smelting 
works are usually 19 inches by 12 inches wide, and they are gener- 
ally heated with bituminous coal (Swansea fashion) instead of with 
coke. The scorifier commonly used in Colorado is the 2^inch 
size, the charge for which is J^ assay ton (or on the 2000 lbs. 
ton scale, 2-9167 grammes, upon which quantity each Jg- mg. of 
silver obtained represents 1 oz. per ton). With ores which are 
very refractory, or which contain much of volatile constituents, a 
larger sized scorifier is necessary to leave room for the extra test 
lead and borax required ; and some assayers habitually use the 
2|-inch scorifier for poor ores and take ^^ of an A.T. for each 
assay so as to get larger beads to " part " for gold. When only 
J^ A.T. is taken for silver it is usual to make a separate crucible 
assay for gold, taking J A.T. each if performed in the muffle, or 
1 to 2 A.T. if in the wind furnace. 

The following table (substantially after Kerl) gives the pro- 
portions of granulated lead and of borax glass for -^^ A.T. of 
material, but a little roll of sheet lead or paper packet of borax 

TABLE I.^ — Charges for Scorification Assay. 





Grms. 


Grms. 






Nature of Material. 


of Test 


of Borax 


Temper- 


Advantageous Additions, 




Lead. 


Glass. 


ature. 


&c. 


Galena, 


10-15 


0-0-0-5 




5 grms. litharge helps. 


Galena, with blende 










and pyrites, . 


20-35 


6-0 -9 




5 grms. litharge helps. 


Lead carbonate, . 


10-15 


0-0-0-5 






Iron pyrites. 


30-45 


0-3-0 -8 






Arsenical pyrites. 


45-50 


0-3-1 -5 


High 


Cover of litharge. 


Antimonial ores, 


50 


10-3-0 


High 




Blende, 


30-45 


0-3-0-6 


High 


Iron oxide helps. 


Lead matte, 


25-35 


0-5- 1-0 






Copper ores and matte, 


35-50 


0-.3-1-5 


Low 


Cover of litharge. " 


Speiss, 


30-60 


0-5-0-7 


High 




Furnace accretions, . 


25-50 


0-3-1-5 






Tellurides, . 


50-60 


0-3 




Cover of litharge. ' 


Siliceous ores, . 


35-40 


None. 






Basic ores, . 


35-40 


0-0-2-0 




Powdered glass helps. : 
Sodium carbonate helps. 


Basic ores with barytes, 


25-30 


0-5-1-5 




Cupel bottoms, . 


20-25 


uptoO-75 







Button has often to be scorified with more lead. 
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glass can be added after scorification has commenced, when 
necessary. It is in fact advisable not to add at once all the 
borax glass, as that would result in " covering " the lead too soon ; 
it is preferable to start with a small quantity, say J grain and 
add more afterwards as required. 

The quantities of borax glass and test lead in the above table 
are never weighed out ; the former being guessed with sufficient 
accuracy, while the latter is measured in an adjustable measure 
like that used by sportsmen for loading shells. The scorification 
process is conducted as follows : — 

One-half of the test lead being placed in the scorifier, the ore 
is added and well mixed with a spatula ; the other half is then 
added as a cover, and the borax glass on top of all. The scori- 
fiers are placed in order in the muffle, and the door closed till 
the formation of a ring of slag round the surface of the melted 
lead shows the commencement of scorification. The door is then 
opened and scorification continued until the "eye" of lead is 
completely closed by a uniform surface of slag ; upon which the 
muffle is again closed and the temperature raised as high as 
possible for a few minutes, so as to render the slag perfectly 
fluid. Some teachers of assaying recommend " cleaning the 
slag " by the addition of a few grains of charcoal or anthracite 
wrapped in tissue paper before the final increase of temperature, 
but, providing the slag is perfectly fluid, the omission of this 
precaution is not found to make any appreciable difference in 
the result. When thoroughly fluid, the scorifier is removed 
from the muffle and its contents are poured into the mould, 
which is preferably conical in shape ; when cold the lead button 
is easily separated from the brittle slag, cleaned by hammering 
and brushing, and "cubed up" ready for cupellation. The slag 
should show no half-fused portions, and the lead should always 
be collected in a single malleable button, which should weigh 
between 8 and 12 grammes; if heavier it should be reduced 
by re-scorification, as the loss of silver is commonly supposed to 
be less in scorification than in cupellation.* If hard or brittle, 
it should also be re-scorified — in these cases with the addition 
of more lead. If the button shows traces of regulus on the top, 

* Doubt has been recently thrown on the accuracy of this belief through 
the researches of Mason and Bowman [Joum. Amer. Chem. Soc, 1894, vol. 
xvi., p. 313). These authors found that pure silver and gold with test 
lead almost invariably lost more weight when scorified down and cupelled 
than when the same weight of test lead was cupelled off direct. With 
weights of 150-600 mg. the average loss by cupellation alone was 1'99 per 
cent., by combined scorification and cupellation 2 54 per cent. These 
results are confirmed by those of MiUer and Fulton {S. M. Q., vol. xvii., 
p. 163). According to Percy {Met. of Silver and Gold, p. 296), the late 
Richard Smith found no difference in the quantity of silver obtained from 
test lead by direct cupellation and by cupellation after » previous scorifi- 
cation. The subject apparently requires further investigation. 
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the assay should be rejected and another made, adding a little 
litharge. If the slag shows signs of imperfect fusion the assay 
should be repeated, crushing the ore a little finer than before, 
and mixing it more thoroughly with the test lead, using a little 
extra borax and a higher heat. The buttons of lead are then 
cupelled and the beads of silver weighed, the maximum differ- 
ence between the three should not be more than ^^ mg. on 
buttons weighing 1 centigramme each (1 oz. on 100 ozs;). When 
the difference between the heaviest and lightest of the three 
does not exceed this amount their weight is added together and 
the mean taken ; but when the difference is greater a couple 
more check assays should be made. All the silver beads obtained 
are added together for parting unless the gold is to be determined 
by a separate crucible assay, and in any case the amount of gold 
found is deducted from the combined weight of the buttons to 
get at the silver present. The amount of silver in the test lead 
should be always determined by scorifying down and cupelling 
100 grammes, and the amount, if considerable, deducted from the 
weight of the silver beads. When, however, "pure" test lead is 
used the + error introduced by making no deduction for its 
silver contents is on all medium-grade ores very much less than 
the — errors through losses in scorification and cupellation, so 
that unless the scorifier slag and cupel bottom be re-assayed, 
and the amount added to that found in the original assay (which 
is not usually done in ordinary commercial work), a closer ap- 
proximation to the truth is obtained by making no deduction 
for the silver contained in the granulated lead. 

Crucible Assays. — The special applicability of this method 
to certain classes of ores has been already noted. Many different 
fluxing mixtures are in use, but among the best are those given 
in the following table. Careful examination of the sample with 
a lens and by washing a little of it in a small porcelain dish or 
saucer will usually give sufficient information as to its composi- 
tion to serve for fluxing, which can easily be done to suit ; 
bearing in mind that soda is a flux for silica, borax and powdered 
glass for iron and other bases ; that sulphur in the ore acts as 
a reducer, but is counteracted by nitre as well as by oxides of 
iron and manganese. 

There are two principal systems of fluxing; the old system 
advocated by Mitchell aims at keeping an excess of litharge 
always present to flux base metals, by which means the slags 
are always fluid at a low temperature, but the destruction of 
pots is very great, and the proper weight of lead button can in 
the case of many ores only be obtained after one or more pre- 
liminary trials. In the more modern system, practically the 
whole of the litharge added is reduced, and the base metals are 
kept in solution in the slag either as silicates or sulphides. The 
button by this method is always obtained of the correct weight, 
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but it may contain copper, antimony, or other impurity, in 
which case it should be scorified, before cupelling, with a little 
lead, and should any matte or speissbe found overlying the 
button this should be also in such a case scorified together with 
the lead. 

TABLE II. — Charges foe Crucible Assays. 





General 
Formulse. - 


(Juartzose 
Ores. 


Pyi-itous Ores. 


Basic 
Gold 
Ores. 


Roasted 
Concen- 
trates. 


Slag. 


Beferenoe, . 


1. 2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 
2 


Ore, . . , 


1 


1 


1 


1 


1 


1 


o 


1 or 2 


Litharge (red lead 


, 5 


1^ 


1 


1 


8 


H 


1 


1 


i 


Charcoal, 






^ 














Flour, . 




^ 




tV 






T^tO^ 






Lead flux, . 




... 








i 




i 


2 


Soda carb. , . 


1 


3 


? 


2 


2 


2 


i 


1 


1 


Borax glass, . 


1 


* 


i 


i 


1 




1 


* 


1 


Powdered glass. 










1 




1 


1 




Silica, . 












i 








Nitre, . 










1? 










Iron nails, . 




lto3 




i 


ItoS 


3 to 4 




1 or 2 


i 


Cover, . 


salt 


salt 


borax 




salt 


salt 


borax 


borax 


borax 


Remarks, 


U 








6 


c 


d 







Meferences. — 1. Mitchell, Mamial of Assaying, 1881, p. 546. 2, 4, and 
5. Aaron, Assaying, Part I. , San Francisco, 1889, pp. 65, 68, 62. 3. Percy, 
Metallurgy of Silver and Gold, p. 245. 6. Furman, Mamial oj Practical 
Assaying, N. Y., 1893, p. 129. 7, 8, and 9. Author, 1889-1893. 

Remarks. — a. Flour or nitre to be added according to proportion of 
sulphur present, 6. Without previous roasting, c. After previous 
roasting, d. The proportion of flour varies according to the nature of the 
base ; with lime and alumina one-tenth part is sufficient, with all iron 
one-fourth part is required, and even more with ores containing manganese 
oxides. 

Pyrites and mispickel ores may be oxidised by nitre as in 
mixture 5 ; a large pot must be used or the mixture is liable 
to bioil over, but when a muffle is handy (as is usually the case) 
the author prefers to place the weighed sample in a large roasting 
dish' just inside the muffle door and to roast out the sulphur and 
arsehicj meltiiig the residue with a mixture intermediate between 
4 and 8, according to: the proportion of waste in the sample. 
Slags and poor iron fluxes require at least two assays of 1 ton 
each to be takeny adding the buttons together for weighing, 
and it is even better to make duplicates of 2 tons each, using 
slightly larger crucibles-. 
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The crucibles should be heated up before use in the same 
" nests " in the furnace which they will subsequently occupy 
during the fusion ; if taken out with care they can, after 
charging, be replaced in the hot coke up to within an inch or 
two of the top without difficulty. It is important that the coke 
at the top of the fire be at a bright red lieat, as otherwise the 
bottom of the charge melting while the top is still cold will 
effervesce, and there will be danger of '" frothing over." The 
charge should be completely melted in from twenty to thirty 
minutes, after which it is well to leave it in the fire for at least 
ten to twenty minutes before taking it out, tapping, and pouring. 
The slag, if glassy and homogeneous both in texture and colour, 
may be thrown awayj otherwise it must be powdered, mixed 
with a little more litharge and lead flux, and remelted. In the 
case of all ores and products containing over 100 ozs. silver or 
5 ozs. gold, the slag must be reiilelted as described. 

The litharge or red lead used should always be tested for 
silver by fusing 4 A.T. with ^V A.T. of flour and 1 A.T. each of 
carb. soda and borax, the resulting lead button being scorified 
down and cupelled. The amount of silver found is deducted 
from the weight of the silver bead obtained. Litharge always 
contains an appreciable amount of silver ; red lead, however, is 
sometimes so pure as to show only the minutest trace from the 
4 A.T. taken, hence its use is preferable. 

In Colorado, crucible assays for silver and gold are often made 
in the muffle, the quantity taken being then ^ A.T., as a larger 
quantity could not well be fluxed without using a crucible too 
large for the muffle. A good list of crucible charges on the 
muffle system is given by Furman.* 

^ Copper ores and furnace products are best treated by the 
special method which will be described for the assay of silver 
in copper matte. 

Cupellation. — The best cupels are made of bone ash passed 
through a 40-mesh sieve, and moistened with water to which a 
little KjCOj is sometimes added. They must be very slowly 
and carefully dried before using, and should weigh a little more 
than the lead buttons which they ate to receive. They must be 
brought to a bright red heat in the closed muffle before charging 
the lead buttons, and immediately this operation is completed 
the door should be again closed, and not reopened until the 
surface of the melted buttons is seen to become bright. The 
temperature is then regulated so that the fumes rise largely to 
the muffle arch, a glowing piece of charcoal being sometimes 
placed in the mouth of the muffle should it appear to be too 
cool in front. If the temperature be too low there will be risk 
of the button " freezing," in which case the assay is unreliable, 

* Manual of Assaying, p. 129. 
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and must be repeated ; while, if too high, the volatilisation loss 
is much increased. The best rule is probably that universally- 
accepted among American assayers — viz., to leave a slight but 
perceptible ring of feathery litharge crystals round the edge of 
the cupel, marking the area covered by the original lead button. 
Beads of silver cupelled at this heat always retain slight traces 
of lead, but the plus error thus introduced is much less than the 
minus loss by volatilisation (not to speak of the much greater 
loss by cupel absorption), so that a rough approximation to 
accuracy is obtained. 

Just before the end of the operation the button exhibits a 
bright play of colours, caused by the formation of very thin 
films of litharge, and at this point the cupel should be pushed 
back into the hottest part of the muffle and left there for a 
minute or two to expel the last traces of lead. It is then with- 
drawn gradually towards the front of the muffle to prevent loss 
by " spitting " or " sprouting " at the moment of solidification, 
and, if at all large, is best covered with another hot cupel upside 
down, so as to cool it as slowly as possible. 

The bead is removed from the cupel when cold by sharp-nosed 
pliers, and squeezed and brushed to remove adhering bone ash, 
if large enough ; if too small, it is carefully picked up by fine 
forceps, placed on a blowpipe anvil and flattened by a blow from 
the light hammer, after which it is weighed on the assay balance 
to within -j^^ mg. Very minute beads are weighed on the gold 
assay balance, which is sensitive to within y^ mg., corresponding 
to -j-^y of an oz. gold on y\y A.T. taken. 

Parting. — The bead should be flattened before parting, and, 
if it does not already contain at least two and a-half times as 
much silver as gold, a small fragment of pure silver foil is added 
and fused together with the bead on a cupel by means of the 
blowpipe flame. 

Parting may be done either in a small ^-inch test tube, or in 
a porcelain crucible. The former method is preferable when the 
bead is large, owing to the danger of loss by projection when 
boiling a quantity of acid in a crucible ; but small beads are 
best parted in a crucible, because of the danger that particles of 
gold may stick to the sides of the test tube and escape observa- 
tion, and because only one acid (of 1-20 sp. gr.) is required for 
small beads. Large beads are parted by boiling, flrst in acid of 
1*16 specific gravity till apparently no more action takes place ; 
the acid is then carefully decanted oflF and replaced by acid of 1-27 
specific gravity, with which boiling is continued for five minutes 
longer. The acid is then poured ofl" and the gold washed twice 
with hot water, being allowed to settle very thorougldy* each time 
before decantation, after which the tube filled with water is in- 

• Stress must be laid upon this ; v. Ledoux, Trans. A.I.M.E., vol. xxiv., 
p. 873. 
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verted over a porcelain crucible, which is then also filled with 
water, and, after tapping the tube a few times, it is allowed to 
stand for a minute or two. When no more particles can be dis- 
cerned settling through the water, the tube is removed and the 
water poured off, the last drops being drawn up by a capilla,ry 
glass tube, and the crucible dried on a hot plate. When quite 
dry the gold is ignited over a spirit lamp, or in the muffle, and 
weighed on the "gold balance" to -01 mg., its weight being 
subtracted from that of the combined gold and silver bead 
obtained by cupellation to get at the silver. 

Assay of Matte and otiier Coppery Substances for Silver. — At 
Western (American) works the sample is scorified down with 
large excess of lead in 10 lots of -^ A.T. each, collecting the 
buttons in pairs at the end, and assaying separately the cupels 
and slag of each pair. This method gives the best results for 
gold, but higher results for silver are usually given by the 
following process, which has been in use for many years at 
copper works where silver assays have to be made on rich 
copper ores and furnace products : — 

Take from 1 to 2 A.T. of pulverised matte or copper borings, 
dissolve in strong nitric acid free from chlorine, evaporate in a 
porcelain dish over the sand bath to expel all excess of HNOg, 
then dilute to about 1 litre, add 20 c.c. of a\standard solution of 
lead acetate, then 1 gramme NaCl dissolved in water ; stir or 
shake well, then add 2 c.c. of strong HoSO^, or, better, 5 grammes 
of NajSO^ dissolved in water ; mix well, and allow to stand 
twelve hours. Decant off the clear liquid, filter off the precipi- 
tated PbSO^ which will have carried down with it all the AgCl 
and free gold in suspension, and wash it well with hot water, 
picking out the globules of sulphur with a forceps. Burn these 
in a porcelain crucible, add the residue to the precipitate, which 
dry and mix in a small glass or porcelain mortar with thrice its 
own weight of lead flux, adding also the ashes of the filter 
carefully burnt. Charge the mixture into a small crucible with 
a borax cover and an iron nail to keep out copper from the 
button, and fuse it in the muffle like a lead assay. If the button 
is over 10 grammes in weight, or if hard from the presence of 
copper, it is scorified down (lead being added in the latter case), 
and the resulting button is cupelled and parted in the usual 
way. The hard part of the cupel, together with the slag from 
the fusion of the precipitate and the scorifier slag, if any, are 
pulverised, mixed with 2 parts lead flux, 2 parts borax glass, 
and J part litharge, and fused down in the same crucible. The 
button of lead is cupelled, and the silver obtained added to the 
original assay. 

Whitehead * recommends separating the gold before precipi- 
tating the silver, and using KBr instead of NaCl for this 
* Ch&m. News, 1892, vol. Ixvi., p. 19. 
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purpose. His method requires two additions of lead acetate 
and sulphuric acid, two separate settlings of twelve hours each, 
and two fusions and cupellations, one for the gold, and one for 
the silver. The author has found it more convenient to geit 
both Au and Ag together in a single button after only twelve 
hours settling, but the use of KBr (or K I) is a decided improve- 
ment, as it obviates the danger of losing gold through CI set 
free, and gives higher results for Ag owing to the lesser solubility 
of AgBr (Ag I) than of AgCi in solutions of copper nitrate. It 
is best to perform the assay in duplicate from the beginning so 
as to get a check on both silver and gold. 

Ijosses of Silver in the Commercial Assay. — Whenever 
accurate results are desired, it is necessary to take the whole of 
the slags produced in the assay (whether from crucible or 
'scorifier, or both) together with the hard portion of the cupel, 
and, after powdering, make a separate assay of the mixture as 
;of a basic lead ore, adding some fluorspar to assist in melting 
the refractory bone ash. The lead button is cupelled at a low 
(temperature, and the silver bead obtained is added to the 
■original assay. Where extreme accuracy is desired, it is even 
necessary to repeat the correction. The assays made at metal- 
lurgical works for ascertaining the value of purchased ores (and 
generally for all other purposes) are almost invariably direct 
uncorrected assays ; hence, the works have a considerable margin 
to work upon, and the working results obtained appear to be 
more satisfactory than they really are. 

Some interesting recent researches,* however, show that the 
commercial assay for silver is even more inaccurate than has 
been supposed. For details the student should consult the 
original papei'S, but it may be briefly stated that of the three 
sources of error, viz. : — (1) Loss from absorption by the cupel, 
(2) loss in the slags, and (3) loss by volatilisation — it is clearly 
i shown by Dewey that the first is generally by far the most 
important, the others following in the above order. Some of his 
, results are given in the following table compared with similar 
■results by Stetefeldt. f 

'' The loss of gold in slag and cupel is much less than that of 
silver, as shown by the experiments of Miller and Fulton, | but 
■ in practice the differences in commercial gold assays are much 
larger in proportion, owing, no doubt, to errors of manipulation 
and to the smaller quantity of metal operated upon. Furman § 
found losses in cupelling amounting to from 1 J to 7 per cent, of 
the silver, and to 12 per cent, of the gold; he places the aver- 

* Dewey, Joum- Anler. Chem. Soc, 1894, vol. xvi., pp. 505 to 516; 
Stetefeldt, Trans. A. I. M. E., vol. xxiv., pp. 630 to 538; Furman, ibid., 
pp. 735 to 742 ; Oemiohen, Zeitschr. f. angewandte Chemie, 1893, p. 723. 

^■Loc. cit., p. 537. t S.M.Q., vol. xvii., Jan., 1896, p. 169. 

I Trans. A.I.M.E., vol. xxiv., p. 735 ; also E. and M. J., Nov. 3, 1894. 
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TABLE III. 







Value per ton 
ounces. 


DEWET. 


Stetefeldt. 


Material. 


Losses in Slag and 
Cupel. 


Total Losses. 


Bange of 
Losses. 


Aver- 
age. 


JRange of 
Losses. 


Tailings, 
Washed ore, . 
Raw ore. 
Roasted ore, . 
Lead carbonates, . 
Base sulphides, 
"Regular" sulphides. 
Copper- silver bullion, 
Pine bullion (999-3 fine) 




1 to 20 

15 „ 35 

20 „ 50 

20 „^ 45 

50 „ 100 

1000 „ 5500 

2000 ,, 16,000 

9000 + 

29,100 + 


18-0- 8-6 

13 0-10-0 

16-0- 5-0 

12 0- 6-0 

5-1- 2 6 

5-0- 1-8 

2 8- 1-2 

2 

1-1 


13 7 

10 4 
9-7 
9 1 
3-8 
30 
1-7 
2-0 
1-1 


21-8-8-4 

19-7-5-0 

16-8-9-0 

10-6-5-4 

4-8-2-9 

5-1-2-2 

4-9-1-2 



age loss of silver at 2-58 per cent., -which agrees fairly well with 
the results of Dewey. 

On lead bullion Oemichen* gives cupellation losses varying 
from 5 to 10 per cent, of the silver, and from 2 to 5 per cent, of 
the gold ; Hofman t gives the loss on a ptxre 44 ozs. bullion as 
3-5 per cent, of the silver. In the cupellation of argentiferous 
copper and lead, Rossler % found losses as under : — 

TABLE IV. 







Oz. Ag. 
per ton. 


Charge Employed. 


Batio of 

AgtoPb 

1: 


Percentage 
Loss of Silver. 




Mgrms. Ag. 


Grms. Pb. 


Copper, 

£X' 

Do., 
Do., 
Do., 
Do., 
Do., 




43-75 

583-32 

43-75 

87-49 

218-74 

437-49 

874-98 

4374-90 


10 + 10 Cu 
200+10 Cu 
150 
150 
150 
150 
150 
150 


200 

160 

100 

50 

20 

10 

5 

1 


12,000 

800 

600 

300 

120 

60 

30 

6 


8-3 
4-5 
2-5 
2-2 
2 
1-6 
0-9 
0-4 



Ledoux§ found losses of 1-75 per cent, in assaying copper 

* Zeitschr. J. angewandte Chemie, 1893, p. 723. 
+ Trans. A.I.M.E., vol. xxiv., p. 868. 
% Quoted by Hofman, Metallurgy of Lead, p. 249. 
§ Tram. A.I.M.E., vol. xxiv., p. 875. 
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bars with 92 ozs. silver, and of 1-12 per cent, in the case of matte 
with 182 ozs. silver. In direct scorification of pig copper con- 
taining from 70 to 80 ozs. per ton with test lead the author has 
found the uncorrected results to range from 5 to 8 per cent, 
lower than the assay by the combined wet and dry method above 
described, the chief source of loss here being, no doubt, the enor- 
mous amount of scorifier slag produced. 



CHAPTER II. 



THE PROPERTIES OF LEAD AND ITS PRINCIPAL 
COMPOUNDS. 

Leau as a material for tlie manufacture of sheet and pipe has 
been known from very early times, and was worked very largely 
in Spain and Greece many centuries before the Christian era. 

Physical Properties.* — Colour. — Lead is bluish-gray in 
•colour, and a freshly cut surface shows a bright lustre, which 
rapidly tarnishes on exposure to the air. 

Hardness. — Lead figures at only 570 on Bottone's scale, lying 
between tin and thallium and far below all the other common 
metals ; it is so soft as to be readily scratched by the finger nail, 
while it readily marks paper with a grey streak. Only the pure 
metal, however, exhibits this quality to perfection, the com- 
mercial article contaminated with Sb, As, Cu, and Zn being 
distinctly harder, the degree of hardness increasing with the 
amount of impurity present. 

Malleability and Ductility. — Lead is very malleable, being 
readily rolled into thin foil; according to Spring,! lead filings 
«an be formed into a solid block under a pressure of 13 tons to 
the square inch, while two and a-half times that pressure liquefies 
the metal. It is, however, low in the scale of ductility, owing to 
its want of tenacity, which prevents it from being drawn into 
fine wire. 

Specific Gravity. — Lead is the heaviest of all the common 
metals, its specific gravity varying between 11 -254 and 11-395, 
according as it is cast or rolled. Knab gives 11-352 and Eeich 
11-37 as the specific gravity of pure cast lead at 0° C, but the 
specific gravity of the commercial article is always lower on 
account of the impurities. 

' V. Percy, Metallurgy of Lead, 1870, where the properties of this metal 
are given in great detail. 

i Quoted by Roberts- Austen, Introduction to the .^tudy oj Metallurgy, 
4th edition, 1898, p. 79. 
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Fusibility and Volatility. — According to Le Chatelier, the 
melting point of lead is 320° C.,* and it is supposed to boil some- 
where between 1450° and 1600° C, but cannot be distilled. If, 
however, a mixture of zinc and lead be subjected to distillation 
at a high temperature, the zinc vapour carries over with it a 
considerable quantity of lead vapour ; hence the source of part 
of the losses in lead smelting. When cooled slowly from the 
melting point, lead crystallises in groups of imperfect octahedra. 

Conductivity. — Taking the conductivity of silver for heat as 
100, that of lead at 12° C. is only 8-5, and with the same 
standard its conductivity for electricity is 107. Taking Hg at 
0° 0. = 1, the conductivity of lead is 4-818.1 

Other Physical Constants. — The specific heat of lead between 0° 
and 100° is 0-034, its latent heat of fusion is 5-369, linear 
coefficient -0000292, and coefficient of cubical expansion for 1° C, 
•000089. 

The atomic weight of lead is 206-4, its atomic volume 18-1. 

Chemical Properties. — Lead undergoes no change in dry air 
or in water perfectly iree from air, but is rapidly tarnished by 
air containing moisture and by water containing dissolved air ; 
the dull grey coating which forms on its surface being probably 
the suboxide, Pb20, which afterwards becomes converted into 
carbonate. Melted at a low temperature in contact with air, 
iridescent pellicles of suboxide form on the surface, which at a 
dull red heat are converted into PbO ; and this PbO, when 
removed from the lead by continued exposure to the air at the 
same temperature, forms the red oxide or minium, PbjO^. Other 
oxides of little importance are the sesquioxide, PboOg, and the 
peroxide, PbOj. 

Lead is readily dissolved by moderately dilute nitric acid, 
but is little affected by dilute HCl and by H^SO^ of less than 
60° B.; these acids form coatings of PbClg and PbSO^ respec- 
tively, on the surface of each particle, which protect it from 
further action. Boiling concentrated HCl and H^SO^, however, 
attack lead slowly even in large masses, and dissolve it with fair 
rapidity when in a fine precipitated condition. Acetic, citric, 
tartaric, and other organic acids act upon it slowly in contact 
with moist air. 

Alloys of Lead and Impurities in the Commercial 
Article.! — Two kinds of lead are known in the market- — viz., 
so/t and Jia/rd, or antimonial lead. The former is in part pro- 
duced direct from pure non-argentiferous ores like those of the 
Mississippi valley, though chiefly from the refining of argenti- 
ferous lead ; the latter is always a bye-product of the refining 

* E. and M. J., Oct. 11, 1890. 
t Boberts-Austen, op. cit., p. 73. 

t ". Percy, Metallurgy of Lead, 1870 ; alao Hofman, Meta/lvrqv of Lead. 
N.Y., 1892. 



PROPERTIES OF LEAD AND LEAD COMPOUNDS. 



23 



operations. Soft lead is employed for making sheet lead, pipe, 
shot, &c., for the preparation of pewter and solder, and for the 
manufacture of white lead. Hard lead is only used for making 
type metal, Babbitt metal, and other alloys, the demand for 
which purposes readily absorbs the very small quantity pro- 
duced. 

The chief impurities in commercial lead are in the approximate 
order of their quantity Sb, Cu, Bi, Fe, Ag, Zn, Ni, Cd, As, Co, 
Mn, and S. The proportions in which they are found are given 
in the following table of analyses (Table V.). It is an 
interesting fact that all the impurities in a bar of commercial 
lead, except silver, are concentrated towards the top of the bar ; 
this matter will be dealt with in greater detail in Chap. x. 

TABLE v.— Analyses op Various Brands of Commercial 

Lead. 





Eaibl, 


Lone Elm, 


Przibram, 


Clausthal, 


Argentine, 


Port Pirie, 




Carinthia. 


Missouri. 


Bohemia. 


Harz. 


Kansas. 


S. A. 


Reference, 


1. 


2. 


3. 


4. 


5. 


6. 


Process, 


A. 


B. 


C. 


D. 


D. 


D. 


Pb, . . 


99-98299 


99-97204 


99 •9841 


99^98275 


99 99249 


99-9913 


Cu, . . 


•0U069 


•01782 


•0024 


•00028 


■00022 


•0004 


Sb, . . 


tr. 


•00146 


•0056 


•00497 


•001-27 


•0051 


As, . . 


tr. 


•00011 






tr. 


tr. 


Bi, . . 






•0023 


•00858 


•00308 




Ag, . . 


•00025 


•00056 


•0018 


■000.30 


•00020 


•0008 


Fe, . . 


•00055 


■00686 


•0017 


•00126 


•00178 


•0015 


Mn, . . 










•00021 




Ni, . . 




■00077 


•0011 


•00018 


tr. 




Co, . . 




•00005 










Zn, . . 


■00076 


•00033 


•0010 


•00086 


■00075 


•0009 


Cd, . . 








•00082 






S, . . . 


■01476 










tr. 




lOO^OOOOO 


100^00000 


100-0000 


100 00000 


100^00000 


100^0000 



Proceiss. — A = reverberatory ; B = hearth ; C = blast furnace — Pattin- 
son ; D = Blast furnace followed by Parkes' process. 

References. — 1. Oesterr. Jahrbuch des K.K. Berg-Akademien, vol. xxii., 
p. 389. 2. Trans. A.I.M.E., vol. x-riii., p. 687. 3. Oesterr. Zeituchr. f. 
B.- u. H.-ioesen, 1885, p. 208. 4. Schnabel, Handhuch der Metallhutten- 
kaiule, vol. i., p. 447. 5. E. and M. J., July 14, 1882. 6. Private notes, 
1896. 

Silver. — This metal alloys well with lead in all proportions, 
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but, according to Level,* none of the alloys are quite homo- 
geneous, a fact which, while it complicates the sampling of lead 
pigs containing silver,! goes to show that there is no definite 
chemical alloy between these metals, but that each dissolves 
the other in a molten condition. The affinity of lead for silver 
is so great that it removes the latter metal from its salts and 
combinations with sulphur, arsenic, and even from its alloy 
with copper. As a rule, commercial lead contains from IJ to 
12 dwts. of silver per ton, and rarely as much as 1 oz. The 
small quantities present appear to protect the lead somewhat 
from the action of sulphuric acid, but have no other perceptible 
eflFect. 

Antimony. — No definite alloys of lead and antimony are 
known, but the metals appear to mix in all proportions. Less 
than -005 per cent, of antimony has no apparent effect, larger 
amounts increase the hardness of lead, diminish its malleability, 
and render it unfit for white lead making.J Lead with 0-1 per 
cent. Sb resists the action of cold sulphuric acid better than 
pure lead, but is more easily attacked by hot acid {Lunge). A 
bar of lead containing a small proportion of antimony shows in 
the centre a spot with uneven surface resembling moss. On 
heating to a bright red with access of air, antimony (and arsenic) 
are slagged off as antimoniate, Pb3(SbO^)2 (and arseniate), of 
lead. This reaction comes into play in the softening and refining 
of lead for market. 

Copper. — Copper forms no definite alloys with lead, for, 
although the two metals may be melted together in all propor- 
tions, part of the lead (containing, however, upwards of 2 per 
cent, copper) will, according to Percy's experiments, always 
separate out on slow cooling, leaving the copper (retaining lead 
up to as much as 25 per cent.) in the condition of a porous mass. 
Lead containing 1 or 2 per cent, of copper can be freed from that 
metal by carefully melting down at a low temperature and 
skimming, the residual lead, however, always retains about 0"08 
per cent.§ Copper may be more perfectly separated by means 
of zinc, as in Parkes' process (which see). Lead for making white 
lead or flint glass should not contain more than '0014 of copper, |] 
but a larger proportion appears to have but little effect when it 
is used for other purposes ; like antimony, a small quantity of 
copper protects lead from the action of HgSO^, except when hot 
and concentrated. 

.fij«OTM<A.— Even '0075 per cent, of bismuth affects the quality 
of lead for white-lead making. According to Napier,1I O'l per 

* Percy, Metallurgy of Silver, p. 173. tu. Chap. x. 

+ Hampe, Zeitschr. f. B.- H.- u. S. - wesen, vol. xviii. , p. 209 ; also Lunge, 
K and 31. J., Jan., 1893. 

§ Hof man, op. cit., p. 22 ; also Huntington, E. and M. J. , March 30th, 
1895. II Hampe, loc. cit. IT Chem. News, 1880, p. 314. 
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cent, of bismuth acts like copper and antimony in protecting 
lead against the action of cold sulphuric acid. In larger quan- 
tity, O'l to 0-35 per cent., bismuth makes lead slightly harder, 
somewhat crystalline and more fusible, though, according to the 
researches of Burggraf,* its malleability is not affected by admix- 
ture of bismuth, even in proportions up to 2 per cent. When 
present, bismuth is not removed from lead by the Parkes process, 
but m&,y be to a great extent separated by slow cooling of the 
molten lead, which produces crystals purer than the surrounding 
medium, as in the Pattinson process (which see). 

Iron. — The small quantity of iron usually found in commercial 
lead exercises no influence upon its physical properties. A bove 
0-003 per cent, would, according to Landsberg,t unfit the lead for 
white-lead making. 

Zinc. — This uietal, even in small quantities, gives lead a white 
colour, and makes it so hard as to be unfit for rolling, rendering 
it, moreover, easily attacked by both cold and hot HjSO^. The 
limit of zinc for white-lead making is the same as that of iron. 
Lead and zinc form no definite alloys, and cannot, like lead and 
copper, be melted together in all proportions. Rossler and 
Edelmann % have determined the solubility of zinc in molten 
lead at various temperature, and find it to vary from 0"6 to 
0-8 at 400° C, up to 3 per cent, at 700° C. 

Tin. — This metal is of very uncommon occurrence in commer- 
cial lead, but when present it hardens the lead, increasing its 
fusibility and its liability to attack by acid. Like antimony and 
arsenic, it is readily removed by oxidation at a bright red heat. 
Many supposed alloys of lead and tin have been described, but. 



TABLE VI.— Alloys of Lead. 





Pb. 


Sb. 


Sn. 


Cu. 


As. 


Zn. 


Bi. 


Type metal, 


700 


18-0 


100 


2-0 






Stereotype metal, 


820 


14-8 


3-2 










Bearing metal (heavy 
















slow work), 


84-0 


16-0 












Bearing metal (quick 
















and light work), 


60-0 


20-0 


20-0 






... 




Shot metal, 


99-6 








0-2- -35 






Solder, fine. 


33 3 




66-6 










Do. , plumber's. 


66-6 




33-3 










Pewter, 


20 




80 










White metal, 


33 


10-6 


53 


2'-40 








Babbitts' metal, . 


5-0 


3 


19 


4-0 




69-0 




Pusible metal, Newton's , 


31-25 




18-75 








50-0 



* Quoted by Schnabel, Handhuch der Metallhutttnkunde, vol. i., p. 277. 
t Quoted by Hofman, op. cit., p. 24. J E. and M. J., Nov. 15, 1890. 
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according to Wiesengrund,* only that with 63 per cent. Sn, 
corresponding to the formula PbSng, can be considered a -definite 
chemical alloy. It solidifies at 178|° C, and melts at 183° C, the 
melting point being raised by addition of either of the component 
metals, and its specific gravity is less than that indicated by its 
percentage composition. 

Alloys of Industrial Importance. — Table VI. (p. 25) compiled 
from those given by Prof. Roberts-Austen f gives the composition 
of the principal commercial alloys of lead. 

COMPOUNDS OF LEAD. 

Lead Oxide, PbO. — -This, the simplest oxide, is also the only 
one of any metallurgical importance. It occurs in two distinct 
forms as massicot and litharge. The former is an amorphous 
yellow powder produced by exposing melted lead at a dull red 
heat to the action of air, continually removing the film of 
suboxide and oxidising it to the yellow oxide at a low tempera- 
ture, avoiding fusion. On raising the temperature to a bright 
red heat the oxide melts, and, on cooling, solidifies as litharge, 
which varies in colour according to the rate of cooling, slow 
cooling bringing out a red, and rapid cooling a yellow colour. 
On a commercial scale, litharge is formed by cupelling argentifer- 
ous lead. The molten litharge produced is of an orange colour 
and transparent while hot ; when run out from the furnace over 
an iron plate, or when dropped into water, it forms opaque, 
greasy-looking, yellow lumps. When allowed to form large cakes 
of a ton or more in weight, and to cool slowly, the outside portion 
forming a solid crust is of the usual yellow colour, while the 
interior swells and breaks up into loose red flakes. The swelling 
is caused by expulsion of oxygen which has been absorbed by 
the molten litharge and is given off on cooling. The specific 
gravity of litharge is 9 '36, its melting point, according to 
Housell,! is 954° C., or slightly above the melting point of silver, 
and it volatilises at a white heat. In its molten condition it is 
a good conductor of electricity. Litharge is very slightly soluble 
in water (1 part in 12,000), but dissolves readily in nitric and 
acetic acids. 

Litharge is a strong base, rapidly corroding bricks and clays, 
and forming the silicates described below; it also forms readily 
fusible compounds with all the metallic oxides. With potash 
and soda it apparently acts as an acid, with stannic oxide and 
arsenic and antimonic acids, as a base, while in other cases it 
seems to act simply as a solvent. The following table § shows 
the proportions of litharge required to form fusible compounds 
with the principal metallic oxides : — 

• Berg- u. Hiittenmdnnische Zeilung, 1894, p. 305. t Op. cif., p. 106. 

J Berg- u. Huttenmannische Zeitung, 1866, p. 106. 

§Hofman, op. cit., p. 16, quoted from Percy, op. cit., pp. 17.to 18. 
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1 part of 


C'li^O ' CuO. 


ZnO. 


FejO.,. 


Fe^Oj. 


MnO. 


811O2. 


SboOa. 


SboOj. 


AS2O3. 


ASjOj. 

•25 to 1-0 


Requires "j 
parts of V 
litharge, J 


i 

under i u]ider 

1-5 1 1-8 


8 


4 


10 


10 


12 


any 


y 


•4 to -8 



Litharge is easily reduced to the metallic state by all reducing 
agents (by CO at only 100° C, by H at 310° C.),* and, therefore, 
forms 11 valuable oxidising agent. When mixed with S, Te, As, 
Sb, Bi, Cu, Zn, or Fe, these substances become wholly or 
partially oxidised, and their oxides either volatilise or dissolve 
in the excess of litharge, a corresponding amount of lead being 
reduced and combining with any unoxidised portion of the 
added element. 

Minium, PbgO^, may be regarded as a combination of 2 mols. 
PbO with 1 mol. PbOg. It is a bright red powder formed by 
submitting the amorphous simple oxide (massicot) to oxidation 
at a temperature of about 300° C. At a higher temperature it 
loses oxygen, becoming reconverted into PbO. 

Lead peroxide, Pb02, may be prepared by digesting minium 
with dilute nitric acid until no more is dissolved, or by acting 
upon a solution of lead acetate with calcium hypochlorite. The 
amorphous powder left in an insoluble condition has the above 
composition when washed and dried; it acts as a feeble base with 
acetic acid, but as an acid with oxides of the alkali and alkaline 
earthy metals. It is a powerful oxidising agent, and, as it 
detonates with phosphorus, it is utilised in the manufacture 
of lucifer matches. 

Lead Sulphide, PbS. — This substance is found native as 
galena (sp. gr. 7 '3 to 7 "7), and it may be formed artificially by 
melting together lead and sulphur in proper proportions, by 
reducing lead sulphate with any reducing agent, and by pre- 
cipitating any solution of a lead salt with H^S. 

Lead sulphide, although not so fusible as the metal, readily 
melts at a bright red heat (935° C. according to Lodin), 
becoming very fluid, and penetrating all kinds of furnace linings 
to a surprising degree. According to the same author,! its 
vapour tension is considerable at temperatures much below this, 
which explains why it volatilises readily and in an unaltered 
condition when out of contact with air in lead furnaces, part of 
the vapour being carried away by the furnace gases, and part 
condensing to form the crystals and crusts of sublimed galena, 
which are of such common occurrence in the upper parts of lead 
furnaces. 

*Roscoe and Schorlemmer, 1892, vol. ii., pt. I., p. 282. 
iComptes Hdidiiy, 1893, vol. cxx., pp. 1164 to 1167, abstract in Joura. 
Soc. Chem. Intl., vol. xiv., p. 807. 
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Being isomorphous with Ag^S, OujS, ZnS, FeS, &c., lead 
sulphide readily mixes with these sulphides in all proportions ; 
such mixtures form the "mattes" obtained in smelting complex 
sulphides. Both galena itself and lead matte are good con- 
ductors of electricity.* With the sulphides of antimony and 
arsenic lead sulphide forms sulpho-salts, both simple and 
complex, many of which occur in nature as well marked mineral 
species — e.g., zinkenite, Jordanite, Jamesonite, Bournonite, <fec. 

Some authors have supposed the existence of subsulphides of 
lead, but Percy has shown that all such supposed subsulphides 
on careful heating eliquate metallic lead and leave a residue of 
crystalline sulphide ; further, that lead and its sulphide can be 
melted together in all proportions, the properties of the mixtures 
being intermediate between those of their components, and 
approximating to one or other according to the predominating 
constituent. 

Decomposition of Lead Sulphide. — Galena is decomposed by 
fusion with iron, the reaction forming the basis of what is called 
the "precipitation" process of lead smelting; which, in a modified 
form, is still in use at Clausthal, and which, to a greater or less 
extent, comes into play in the furnace work of all modern blast- 
furnace lead-smelting plants. The reaction is often given as 
PbS + Fe = FeS + Pb, but, although more perfect the higher 
the temperature employed, the decomposition is never complete. 

The maximum amount of lead obtainable from pure galena 
(containing 86 -6 per cent. Pb) varies from 72 to 79 per cent., the 
rest being retained in the iron sulphide. Noltef explained the 
reaction by supposing the formation of a subsulphide of iron, but 
the observed facts are easily explained on the far more probable 
supposition first published by Miinster + that a portion of the 
iron remains dissolved in the residual iron sulphide, which also 
may dissolve a portion of the lead. The reaction may then be — 

4PbS + 4Fe = 3Pb + (PbS + 3FeS -I- Fe). 
> ^ / 

matte 

In order to make use of this reaction in furnace work it is 

necessary to employ a high temperature ; but the metallic iron 

required may be reduced in the furnace itself from oxides or 

from the basic silicate 

4FeOSi02 -t- 2PbS + '2C = 2FeO . SiOa + 2FeS + 2Pb. 

At a very high temperature the moiiosilicate (as also the 

more basic silicates) of iron reacts upon galena without the 

intervention of carbon, forming a sesquisilicate according to the 

following equation given by Percy : — § 

3(2FeO . SiOj) + 5PbS = 4FeO . SSiOz -1- 2(PbSFeS) + SO2 -I- 3Pb. 

* Kihani, Berg- u. Hilttenm. Zeitung, 1883, pp. 237, 366, 378. 

f Berg- u. Huttenm. Zeitung, 1860, p. 165. 

Xlhid., 1877, p. 195. § Op. cit., p. 59. 
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Both lime and baryta partially decompose galena ; if the 
atmosphere be not reducing the reaction is probably 

4PbS + CaO = 3CaS + CaSOi + 4Pb ; 

and in presence of carbonaceous matter, according to Berthier,* 

2PbS + CaO + C = Pb + (PbS . CaS) + CO. 

Galena is only partially decomposed by fusion with copper, 
the reduced lead alloying with the unaltered part of the copper,. 
while the OU2S formed mixes with the unaltered galena. Zinc 
and tin also effect only a partial decomposition, the infusibility 
of the ZnS in the one case and the approximately equal affinities 
of lead and tin for sulphur in the other case preventing a proper 
separation of metallic lead. 

Lead Sulphate, PbSO^. — This occurs in nature as the 
mineral anglesite (sp. gr. 6-2), and may be formed by a careful 
partial roasting of galena. It is the most stable of all the 
sulphates of the heavy metals, remaining unaltered at a bright 
red heat. At a white heat, however, it softens and loses a part 
of its SO3, becoming basic sulphate. Although undecomposed 
by simple heating, it is readily decomposed by silica according 
to the equation — 

2PbS04 + SiOj = 2PbO. SiOj + 2SO2 + O2. 

Upon this reaction is based the process of " slag roasting," here- 
after to be described. 

Carbon in proper proportions at a dark red heat (also carbonic- 
oxide at a high temperature) completely reduces the sulphate to 
sulphide, according to the equation — 

PbSO^ + 2C = PbS + 2CO2 ; 

but if not in sufficient quantity, only the exact molecular pro- 
portion of sulphate corresponding to the weight of carbon present 
is reduced, the rest remaining unaltered. At a cherry red heat 
this unaltered sulphate reacts upon the reduced sulphide, as 
will be subsequently explained. 

Lead sulphate is reduced at a high temperature by lead 
(PbSO^ + Pb = 2PbO + SO2) and by iron (PbSO^ 4- 4Fe = 
PcgO^ + FeS + Pb). It suffers a double decomposition with, 
lime, yielding calcium sulphate. Lead sulphate is slightly 
soluble in water (1 part in 22,800), but considerably less so 
in dilute H2S0^ (1 part in 36,500, Fresenius). It is, however,, 
more soluble in HNO3 and nitrate solutions, and in hot HCl,. 
while concentrated HjSO^ dissolves it to the extent of 6 per 
cent. It is also soluble in solutions of the alkaline chlorides, 
CaClo and calcium acetate; in all ammoniacal salts, especially 
the acetate; and slightly in sodium hyposulphite, the solubility 
varying with the temperature and concentration of each solvent.. 

* Train des easaispar la vote sSche, lAhge, 18S7, vol. ii., p. 580. 
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Boasting of Lead Sulphide — Reactions between Sul- 
phide, Sulphate, and Oxide. — When lead sulphide is roasted 
at a low temperature, it is at first simply oxidised with evolution 
■of SOg according to the equation — 

2PbS + 3O2 = 2PbO + 2SO2. 
A part of the SO^ takes more oxygen from the air becoming 
SOg, which combines with the PbO to form PbSO^. According 
to Plattner,* pure galena yields on roasting a much smaller 
proportion of sulphate to oxide than is given by galenas con- 
taining much pyrites ; this is probably on account of the greater 
tendency of SO, to form SO3 in presence of iron oxides. It is 
possible that some PbSO^ may be formed from PbS by direct 
absorption of oxygen, as suggested by Rammelsberg,t but this 
is doubtful. 

When mixtures of lead sulphide with oxide or sulphate are 
subjected to a bright red heat (at which the mixtures soften), 
the following reactions take place : — 

PbS + 2PbO = 3Pb + SO2. 

PbS + PbSOi = 2Pb + 2SO2. 
In the case of oxide the decomposition invariably takes place 
in molecular proportions, so that any excess of sulphide on the 
one hand or of oxide on the other remains unaltered on the 
surface of the lead, except in so far as it may have been 
aifected by the material of the crucible, or other vessel in which 
the experiment has been made. When PbS is fused with excess 
of PbSO^, however, another reaction takes place, viz. : — 

PbS + 3PbS04 = 4PbO + 4SO2, 
and this reaction may take place simultaneously with the two 
preceding in different parts of the same charge. It is probable, 
indeed, that towards the end of the operation this reaction be- 
comes developed very largely at the expense of the preceding. 
One very important process of lead extraction depends exclusively 
upon the above reactions, and, as will be seen hereafter, it is 
essential that the temperature be kept low during the roasting, 
and then raised suddenly in order to bring about the reactions. 

According to Hannay,! all the above reactions given by Percy 
and other authorities are incorrect. This author has found that 
PbS is much more volatile at a white heat in SOg than in other 
gases, and supposes the existence of a body to which he assigns 
the formula PbS . SO,, from which the PbS crystallises out on 
cooling. He supposes the principal reaction which takes place 
on heating together PbS and PbSO^ to be the followincr : — 

12PbS + 12PbS04 = 12Pb + 8PbO + 4PbS . SOo + 16S0,,, 

* Die MetallurgiscJien EOstprozesm, Freiberg, 1856, p. 145. 
t Rammelsberg, Die Metallurgie des Bleies, 1872, p. 39. 
j Trails. Inst, jifin. Met., vol. ii., p. 188. 
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and proposes to treat galena ores by melting and blowing in a 
kind of Bessemer converter to obtain (1) a small quantity of lead 
rich in silver ; (2) molten litharge ; (3) fume which by excess of 
air is converted into lead sulphate. Huntington * regards the 
volatilisation of PbS in N, COj, SOg, and other gases as probably 
a case of mere solution in a gas ; and with regard to the proposed 
"new metallui'gy of lead," points out the impracticability of 
the process, especially as regards the condensation of the enor- 
mous amount of lead fume formed, and the difficulty of finding 
any furnace lining to withstand the action of molten litharge at 
the temperature of molten PbS. Lodin t also confirms the 
reactions heretofore universally recognised as being correct at 
the temperatures prevailing in ordinary lead furnaces. There is 
no doubt that Hannay's work is interesting, as showing that the 
volatility of PbS is greater than it is generally supposed to be, 
-and that it is increased in the presence of certain gases ; but his 
explanation of the reactions taking place in lead furnaces must be 
regarded as untenable, and his proposed "new metallurgy of lead" 
impracticable. Jenkins and Smith, | while entirely confirming 
the old reactions, prove that lead is attacked by sulphur dioxide. 

Lead Carbonate, PbCOg. — Lead carbonate occurs as the 
mineral cerussite (sp. gr. 6-46). At 200° it is decomposed into 
PbO and OOj, and at the same temperature is reduced to metallic 
lead by CO, charcoal only acting upon it at a somewhat higher 
temperature. The white lead of commerce is a basic salt, the 
composition of which is 2PbC0.^. P1)H202. 

Ijead. Silicates. — Lead oxide and silica begin to combine at 
the softening temperature of the oxide — i.e., below 800° C. ; and 
if both substances are finely divided, and the heat maintained at 
this temperature, combination will be effected without the mix- 
ture becoming fluid. According to Percy, all the silicates of 
lead up to the trisilicate, 2PbO . SSiOj, are readily fusible at 
low temperatures, the monosilicate in particular, SPbO.SiOj, 
being as fluid as water. Higher silicates are successively less 
fusible up to 2PbO . liSiOj, which only melts to a substance 
resembling porcelain, while PbO . 18SiO, can barely be fritted at 
the highest temperature obtainable. All the fused silicates of 
lead are yellow, the presence of other metallic oxides altering the 
colour, as seen in the scorification process of silver assaying. 

Silicates of lead are not readily decomposed by carbon or 
sulphur, but are decomposed by carbon in combination with 
lime, or some other base which combines with the liberated silica. 
Iron in excess eff'ects a complete decomposition of all lead 
silicates at a bright red heat, forming monosilicate, 2FeO . SiO^. 

•/6id.,p. 217. 

i Comptes Eendus, 1895, vol. cxx., pp. 1164-1167; and abstract m 
J (mm. Soc. Chem. Ind., vol. xiv., 9, p. 807. 
+ Joum. Chem. Soc., 1898. 
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Sulphides of iron, baryta, and lime all decompose basic or sub- 
silicates of lead at comparatively low temperatures, forming 
silicate of the base, sulphurous acid and metallic lead. The 
reaction in the case of iron sulphide is as follows : — 

4PbO . SiOj + 2FeS = 2FeO . SiOj + PbS + 3Pb + SO^. 

The monosilicate is only partially decomposed, and requires 
for complete decomposition a higher temperature and the addition 
of a free base, such as lime : — 

3(2PbO . SiOa) + 4CaO + 2CaS = 3(2CaO . SiO^) + SPb^ + 2SO2. 

The bisilicate and lower silicates are readily decomposed by 
nitric acid, but decomposition is not complete in the case of the 
trisilicate, and higher silicates are attacked with increasing 
difficulty. 

Iiead Borates. — Lead oxide and boric trioxide melt together 
in all proportions, and the compounds formed are more fusible 
than the corresponding silicates. Advantage is taken of this 
fact in lead and silver assaying. 

The haloid compounds of lead are very volatile, and form 
volatile chloro-sulphides and chloro-phosphates. They are readily 
reduced by contact with carbon and metallic bases at a red heat. 



CHAPTER III. 
LEAD ORES. 

The principal minerals containing lead are the following : — 

Galena, PbS ; 86-6 per cent. Pb. — This, the commonest of 
lead minerals, is frequently found in groups of cubical or octa- 
hedral crystals; also massive, filling cavities. It is found in 
every country in the world, and in almost every variety of deposit, 
from true fissure-veins to impregnations in certain beds of lime- 
stone, dolomite and sandstone. In most cases it is so mixed 
with other vein, or rock matter, as to require some process of 
"dressing" to fit it for treatment by the smelter; and very 
often the admixture with other metallic sulphides is so intimate 
as to give rise to great loss in these preliminary mechanical 
operations. The subject of ore-dressing scarcely appertains to 
metallurgy, and the student may consult with advantage the 
very complete compendium given by Dr. C. le Neve Foster in his 
Ore and Stone Alining.* 

* Reference should also be made to Kunhardt, Practice of Ore Dressing 
in Europe, New York, 1892 ; to Bellom, "On the Mechanical Preparation 
of Ores in Germany," in Ann. des Mines, 1891, vol. xx., p. 1 ; and to two 
papers in the Proc. Oiv. Eng., viz., Curtis on "Gold Quartz Reduction," 
and Comraans on the "Concentration and Sizing of Crushed Minerals" 
(Proc. Civ. Eng., vol. cviii., p. 97, and vol. oxvi., p. 3, respectively). 
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Galena is almost always argentiferous, and its silver contents 
may be present either as isomorphous sulphide, AgjS, or as some 
distinctly silver-bearing mineral {e.g., argentite, stephanite, poly- 
basite, fahlerz) finely disseminated through the cleavage planes, 
and this difference is important as regards the dressing opera- 
tions. In the former case the loss of silver in dressing is pro- 
portionate to the loss of lead ; in the latter, and by far the 
commoner, case, the loss of silver in dressing greatly exceeds the 
loss of lead, as the silver-bearing mineral, besides being finer to 
begin with, is also both lighter and much more brittle, so that it 
is driven into the finest slime, which floats away in and upon 
the surface of the dressing water. A notable case of this kind 
is to be found in the Zeehan and Dundas field of Tasmania, 
where, according to a series of assays of ores from different 
mines and workings given by Thomse,* the handpicked ore 
contains on an average 94 ozs. silver per ton for 66 per cent, 
of lead, while the dressed ore carries only 76 ozs. silver for 
70 per cent, lead, a clear loss of 25 per cent, of the silver in 
the fine slimes carried off by the dressing water. The poorest 
galena as regards silver contents is that from Bleiberg (Carinthia), 
which contains only 1 dwt. per ton of ore ; the richest known 
is that from Schemnitz (Hungary), a specimen of which, ac- 
cording to Beudant, gave 7 per cent, of silver, or over 2200 ozs. 
per ton.f 

It is a common belief among miners that the grain of galena 
is influenced by its richness in silver, the general idea being 
that a coarse-grained galena is likely to be poor in silver, and 
a fine-grained variety rich. No general rule of the kind can be 
formulated;! nevertheless, as regards certain districts, some 
connection is observable between the grain of the galena and 
its silver contents. For instance, at Broken Hill, N.S.W., the 
coarse-grained galenas are said to be generally richer in silver 
than the tine grained; while, according to the author's experience 
in various parts of Mexico, the contrary rule prevails as regards 
the ores of each particular mine, though the coarse-grained 
galenas from one mineral deposit may be richer than the finest- 
grained varieties from another. 

Cerussite, PbCOg ; 77-5 per cent. Pb. — This mineral is 
seldom found pure in quantity, except when occurring, as at 
Leadville and Broken Hill, in secondary crystals distributed 
through the " gozzan " of large complex ore bodies. In these 
cases, though itself comparatively free from silver, it is found 
associated with native silver and its haloid compounds, especially 
the chloride and chloro-bromide. It is nearly always mixed 
with more or less anglesite, and with oxide of iron and other 

* Trans. Inst. Min. Met., vol. iv., p. 60. 

t PhiUips, Elements of MetaMurgy, 1891, p. 617. 

X V. Percy, Metallurgy oj Lead, p. 97. 
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vein material. Important deposits at Laurium (Greece), Eureka 
(Nev.), and Leadville (Colo.), are now practically worked out, 
but other important localities which still yield large quan- 
tities of this ore are Carthagena and Linares (Spain), Sierra 
Mojada, St. Eulalia, and Velardena (Mexico), and Broken Hill 
(N.S.W.). 

Anglesite, PbSO^; 68-3 per cent. Pb. — Like the preceding, 
this mineral is invariably a secondary or decomposition product 
of galena, and it is found mixed with the carbonate everywhere, 
generally, however, in small proportion. When crystallised, it 
is, like the carbonate, nearly free from silver. 

Pyromorphite, 3Pb,(P6^)2 + PbCl2 with 69 5 per cent. Pb, 
and Mimetesite, 3Pbg('AsO^)2 + PbCl2 with 76-2 per cent. Pb. — 
These two minerals are mentioned together, for, although the 
formulae of pure specimens are as above, the former frequently 
contains As^Oj, and the latter large quantities of P.2O5 ; while 
both may contain lime replacing the lead and fluorine replacing 
the chlorine. Both are comparatively free from silver, and occur 
associated with cerussite in the upper decomposed portions of 
lead lodes, mimetesite being, perhaps, on the whole, the com- 
moner of the two. 

Other lead minerals* are Crocoisite, PbCrO^; Wulfenite, 
PbMoO^; Stolzite, PbWO^; Mendipite, PbCl.,2PbO; Vanadinite, 
3Pb3(V04)2 + PbCl, ; Lanarkite, Phosgenite, Clausthalite, &,c., 
as well as sulphantimonides, such as Jamesonite, Bournonite, 
(fee. Seeing, however, that none of these minerals occur in 
large quantities, or otherwise than associated with other ores 
of lead, they cannot be said to be of any metallurgical impor- 
tance. 

Commercial Iioad Ores. — For metallurgical purposes the 
ores of lead are divided into " sulphide ores," consisting in the 
main of galena, with greater or less admixture of blende, pyrites, 
clialcopyrite, mispickel, fahlerz, &c., and "'oxidised ores," called 
in America "carbonates," under which general term is included 
not only cerussite itself, but all its admixtures with anglesite, 
pyromorphite, ifec. 

Oxidised Ores. — It will be understood that the oxidised 
ores are not essentially a product of different districts from those 
producing sulphides, but that they are merely the surface gozzans, 
into which large masses of the latter have been decomposed by 
atmospheric agencies ; anglesite representing an intermediate 
stage in the transformation of galena into cerussite. The change 
from oxidised ores to sulphides may take place gradually, as at 
Catorce and some other Mexican mining districts, or suddenly, 
as on Iron Hill, Leadville. t The depth at which the change 

* For details, works on mineralogy should be consulted, especially Dana, 
System of Mineralogy, New York. 
tBlow, Trans. A.I.M.E., vol. xviii., p. 170. 



LEAD ORES. 35 

takes place also varies considerably ; thus at Broken Hill 
(N.S.W.) large masses of unoxidised sulphides are found at 
only 200 feet from the surface, while at Eureka (Nev.) oxidised 
ores continued down to 1300 feet.* The principal factors which 
determine the depth to which oxidation extends are — (1) Depth 
below surface of permanent water level of country; (2) perme- 
ability of the rocks ; and (3) amount of rainfall, t By atmospheric 
oxidation the pyrites of the original mixed sulphide ore becomes 
iron oxide in the gozzan, chalcopyrite forms oxide of iron and 
carbonate of copper, blende is partly leached away as zinc sul- 
phate, but a part remains as calamine and smithsonite. The 
silver contents of the original sulphides partly remain as sulphide 
or sulphantimonite, partly become native silver, but more gener- 
ally form haloid compounds with the small quantities of haloid 
elements contained in the air and meteoric water. In tliis way 
the silver of the Leadville "carbonates" was chiefly found as 
chloride, while at Broken Hill and in Ohili the bromide and 
iodide are more common. Carbonate ores are generally richer 
in silver than the deep-seated sulphides, to the oxidation of 
which they owe their origin. This may be due to several 
causes, but the principal one is undoubtedly the much greater 
solubility of lead sulphate and carbonate, than of silver chloride 
and sulphide. Small nodules of galena are frequently found 
in carbonate ores, which are very much richer in silver than 
the surrounding matrix, but these are of secondary origin in 
most cases. Any gold contained in the original sulphides re- 
mains in the carbonates in the native condition. 

Carbonate and other oxidised ores can be but seldom con- 
■centrated to advantage, owing to the comparatively low specific 
gravity of the oxidised lead minerals compared with galena, and 
to their great friability compared with the quartz, limonite, and 
other gangue.J The loss of silver in the fine slimes is usually 
more serious than the loss of lead. Attempts have been made 
to leach out part of the silver contents with a hyposulphate 
solution before concentrating for lead, also to separate most of 
the lead by a dry concentration process prior to working up the 
tailings by amalgamation or lixiviation processes ; but neither 
attempt can be said to have been very successful. 

Sulphide Ores. — With reference to these ores, it may be 
said tliat, as a general rule, those deposits in which the galena 
occurs most free from other metallic sulphides will be poorer in 
silver than those in which it is intimately associated with 

* Curtis, "Silver Lead Deposits of Eureka," Monograph VII. U.S. Geol. 
Survey. 

t For further information on this interesting subject the student is re- 
ferred to a, paper by Halse on "Deep Mining in Mexico," Trans, hist. 
Mill. Met., vol. iii., Part III., p. 418. 

X Concentration was, however, successfully practised at Tombstone 
(Ariz.), V. Church, Trans. A.I.M.E., vol. xv., p. 601. 
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pyrites, blende, and other sulphides. Deposits in sedimentary 
rocks are almost always poorer in silver than fissure vein 
deposits associated with metamorphic or eruptive rocks. 

Galena occurs comparatively free from both blende and pyrites 
at Engis (Belgium), Mechernich (Rhen.-Pruss.), and in the upper 
parts of the limestone deposits (Lower Silurian) of Wisconsin 
and Illinois. Galena associated with blende alone is found at 
Raibl and Bleiberg (Carinthia) and at Joplin (Mo.), while in the 
mines of St. Joe and La Motte (Mo.) it is associated with pyrites 
to the exclusion of blende. In all these cases the galena is 
almost free from silver, the ratios of that metal to lead varying 
from 1 dwt. Ag for 70 per cent. Pb (Bleiberg, Carinthia), to 1;^ 
ozs. Ag for 80 per cent. Pb (Granby, Mo.), and 4 ozs. Ag for 60 
per cent. Pb at Mechernich, according to a useful little table 
given by Hofman.* All the above are distinctly sedimentary 
deposits, either in sandstone, as at Mechei'nich, or in limestone, 
as at the remaining localities cited. The Spanish galena deposits 
in limestone (Linares, Sierra Almagrera, Almeria, &c.), which 
are also comparatively free from other metallic sulphides, are of 
an intermediate character, averaging, as prepared for smelting, 
from 6 to 10 ozs. Ag for 75 per cent. Pb. 

When galena is found most intermingled with other sulphides 
(especially with complex sulphides and sulphantimonides like 
fahlerz), and more particularly when in contact or in connection 
with crystalline, metamorphic, or eruptive rocks, as in Bohemia, 
Saxony, Hungary, the Harz and the Rocky Mountains, it is 
usually richest in silver. As already pointed out, however, a 
large part of the silver contents of these complex sulphide 
mixtures does not exist as a constituent of the galena itself, but 
rather in distinctly silver minerals, such as argentite, stephaiiite, 
and fahlerz, either finely disseminated through the cleavage 
planes of the galena, or through the matrix. Even the blende 
and pyrites in these mixed ores usually carry appreciable quan- 
tities of silver ; in some parts of the great Broken Hill Pro- 
prietary Mine the blende carries nearly as much silver as the 
galena. In one interesting case described by Freeland,t some 
ore from the Minnie Mine at Leadville was separated as nearly 
as possible into its component parts of galena, blende, and 
pyrites, and the blende turned out to be much richer than the 
galena. The following analyses are by Boggs. 

This is, of course, rather an exceptional case, and by no 
means the rule in the Leadville district; thus, Taylor and 
Brunton report J a similar series of analyses from the Col. 
Sellars Mine, in which the galena contains 20 ozs., the pyrites 5 
ozs., and the blende only 3 ozs. The series of analyses mentioned 

* Metallurgy of Lead, N.Y., 1893, p. 26. 

+ "Iron Hill sulphide deposits," Trans. A. I, M. E., vol. xiv., p. 181 

t Eng. and M. J., 8th May, 1886. 
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has been quoted in full merely as a warning against the too 
common assumption that in dealing with low grade complex 
ores the only thing to aim at is a successful concentration of the 
lead. It may frequently happen that in spite of a fairly good 
saving of this metal, what with the losses of silver in blende and 
pyrites tailings, and what with the loss of finely divided true 
silver minerals in the slimes, the lead concentrates do not 
contain more than one-half of the silver value of the original ore. 
It is, therefore, in many cases preferable to smelt the whole 
mass of a complex ore body rather than to make any attempt at 
concentration. Analyses of smelting ores will be given in the 
sections dealing with the various processes of treatment. 
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SECTION II.— LEAD SMELTING. 



INTRODUCTORY. 

Practically speaking, only smelting methods are applicable to 
the extraction of lead from its ores. Wet methods, based on the 
leaching out of PbClg or of PbSO^ by means of suitable solvents 
and precipitation with iron, have been at various times suggested, 
but none have proved sufficiently promising to be worked on a 
commercial scale. 

As already seen, by far the commonest lead ore is galena; 
comparatively small proportions only of carbonate, sulphate, and 
other ores are now accessible,* and, as a rule, only as incidental 
accompaniments of large bodies of galena. The treatment of 
these oxidised ores, moreover, offers no special difficulty and 
requires no special appliances ; they may be treated generally 
as roasted sulphide ores, oxidation having been effected slowly 
by atmospheric agencies instead of quickly in a furnace. The 
smelting of these oxidised ores in Australia, Mexico, and 
elsewhere will be described in its proper place, and the treat- 
ment of lead ores may be considered generally as referring only 
to galenas. 

Classification of Methods. — Three principal methods of 
treatment may be distinguished : — 

1. The Roast and Reaction Method, in which the galena is first 
roasted so as to convert part of it into PbO and PbSOjj the tem- 
perature is then raised so that these compounds react upon the 
unaltered sulphide with production of Jiietallic lead and SO^. t 

2. The Roast and Reduction Method, in which the galena is 
roasted pretty completely to lead oxide, which is then reduced 
to metal with coke or charcoal. A small proportion of sulphate 
formed in the roasting is either transformed into silicate at the 
end of the roasting process, and then reduced in the smelting 
furnace with the help of iron oxide, or it may be reduced to 
sulphide in the smelting furnace, and so form a " matte " from 
which part of the metallic lead is again set free by iron. In any 
case nearly the whole of the lead is recovered direct in a metallic 
condition. 

* Except, perhaps, in Mexico. 

tFor equations representing these reactions ;•. Chap. ii. 
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3. The Precipitation Method in which galena is decomposed at 
a high temperature by the agency of metallic iron, forming 
metallic lead and a mixture of iron and lead sulphides, the 
so-called "lead matte." 

These methods are rarely employed quite independently of 
each other, for the residues of the first method are almost always 
worked up by the second or third methods, and the second 
method is almost always combined with the third, and often 
with thfe first also. 

The choice of method depends partly upon the quantity and 
nature of the impurities in the ore, partly upon local conditions, 
such as the kind of fuel available, and the price of labour. 

The Roast and Reaction Metliod may be carried on in hearths 
or in reverberatories, and requires raw fuel only, but is suited 
only to high grade galenas containing 60 to 70 per cent, lead and 
upwards, since large quantities of other substances interfere 
with the reactions of PbO and PbSO^ on PbS. It is quite 
inapplicable to ores containing much quartz or silicates, which 
would form a fusible lead silicate, and so put a stop to the 
reaction. The advantages of this method for dealing with rich 
ores are : — (1) Yield of a very pure lead ; (2) use of cheap forms 
of fuel ; (3) no fluxes required ; (4) comparatively small volati- 
lisation loss. Its disadvantages are : — (1) Production of a very 
rich slag which must be re-treated ; (2) heavy labour cost ; 
(3) large quantity o^'fuel required. 

The Precipitation Method, formerly carried out in rever- 
beratories, but now only in blast furnaces, and that to a very 
limited extent, requires coked fuel and much ferruginous flux. 
It is only applicable to rich lead ores containing comparatively 
small quantities of antimony, arsenic, (fee, because these metals 
are also reduced by iron, rendering the lead very impure. 
Silica and other non-metallic minerals do not interfere with the 
process, and copper ores are well suited to it because the whole 
of that metal, even if existing in very small proportions, becomes 
concentrated together with part of the silver in the matte, from 
which both can be recovered. The advantages of this process 
are that it dispenses with a preliminary ore roasting, and gives 
ultimately a good extraction of lead with comparatively low 
volatilisation losses of both lead and silver. It has, however, 
many grave disadvantages, especially the high consumption of 
coked fuel, and the slow, because only partial and gradual, 
recovery of the lead, together with a complicated matte treat- 
ment which makes the method a very costly one for labour. 
As a separate and distinct process, therefore, the method is 
practically obsolete, surviving only in the Upper Harz at 
Clausthal under exceptional local conditions; it is, however, 
frequently combined to some extent with the following : — 

The Roast and Reduction Method is applicable to all kinds 
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of ore, but especially to the poor siliceous, pyritous, and 
blendiferous ores which are so common, and which cannot be 
treated by the foregoing methods. It comprises two inde- 
pendent processes carried on in separate furnaces. Tlie roasting 
is conducted in the various ways to be described, and the 
smelting of the roasted ore takes place in blast furnaces, the 
construction of which shows great variation in detail, though 
the principle is always the same. 

The roast and reaction method may be carried out either in 
reverberatories or in hearths, the residues in either case being 
run down in blast furnaces. Whatever the appliance employed 
there is always considerable loss of lead by volatilisation, which 
becomes of greater importance in proportion as the ores are 
richer in silver. In all cases, therefore, the furnace lines are 
connected with a more or less complete system of flues and con- 
densing chambers for recovering the flue dust. A separate 
chapter is devoted to this matter, which need not, therefore, be 
further dealt with here. 



CHAPTER IV. 

LEAD SMELTING IN REVERBERATORIES. 

Preliminary. — The ore for this process must be crushed suf- 
ficiently fine to pass a 4 or 5-mesh sieve, an operation which is 
usually performed as part of the "dressing" or "concentration" 
almost always required to produce ore of sufficiently high grade 
for the process before the ore reaches the smelting works. In all 
cases the process comprises two stages, which follow each other 
in the same furnace, and which are rapidly alternated several 
times. 

1st Stage or Roasting. — The ore is spread in a layer of from 
3 to 4 inches over the hearth of the furnace, and gradually 
brought to a low red heat, say SOO" to 600° C, at which it is 
kept with free access of air, being continually raked to expose 
new surfaces and to prevent clotting, which would suspend the 
process of oxidation. The roasting is not allowed to complete 
itself, sufficient undecomposed sulphide being left to bring about 
the reactions described in Chap. ii. The rabbling in of small 
quantities of lead carbonate and sulphate ores or of litharge is 
of great advantage, as it shortens the period of roasting. Could 
a sufficient amount of these oxidised substances be obtained to 
mix with the galena in proper proportion, roasting might, in 
fact, be dispensed with altogether, and the reaction period 
entered upon at once in a hot furnace, but this is rarely, if 
ever, possible. 
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2nd Stage or Reaction. — The temperature is raised so that the 
oxidised compounds may react upon unaltered sulphide according 
to the equations given on p. 30. The reactions take place best 
at the temperature when the charge begins to soften, and are 
incomplfete'if it be allowed to melt. The charge is worked up 
with the rabble, lime being generally added to stiffen it, and the 
cooling consequent on opening the doors stops the first reaction 
period, and brings about a second roasting, followed, when the 
doors are closed and the temperature again rises, b)' a second 
reaction. These operations are repeated until there is not 
enough lead sulphide present to react upon the sulphide and 
oxide. The last operation, then, consists of adding fine charcoal 
or coal, which is well rabbled into the charge with the object of 
reducing part of the residual lead oxide to metal. 

The chief difficulty is to oxidise the charge uniformly, only 
just enough to secure the theoretical molecular proportions for 
the reaction ; and as roasting goes on more or less during the 
whole period of reaction, it usually happens that considerable 
excess of oxide and sulphate is produced. This excess, together 
with more or less undecomposed sulphide, globules of metallic 
lead, and the whole of the other substances mixed with the 
galena, remains on the hearth in a half-melted condition as the 
so-called "grey slag," which is raked out for separate treatment. 
Sometimes this consists merely of crushing and washing to save 
the metallic lead, but more generally an attempt is made to get 
out the combined lead also. In some cases, especially with rich 
ores, the residues from which are small in amount, the slags are 
treated in the same furnace, coal dust being rabbled in and the 
temperature raised to secure the reduction of the combined lead; 
but in this case the loss by volatilisation is considerable, and 
a notable amount of lead still remains as sulphide and silicate 
in the final residues. It is far better, therefore, to leave a larger 
proportion of lead in the grey slag, and work this up afterwards 
in blast furnaces. 

Influence of Foreign Substances. — Quartz, clay, and all 
other silicates are very injurious, as they form lead silicates which 
cannot be decomposed at the low temperatures prevailing in 
the furnace, besides glazing over particles of undecomposed 
sulphide, and so protecting them from the reactions. The 
practical limit of silica in ores which can be advantageously 
treated by the roast and reaction process is about 4 per cent., 
but a very much smaller amount is sufficient to glaze particles 
of ore and so obstruct the reactions, unless the heat is kept very 
low. 

Calcite {limestone or dolomite) like other inert substances, 
retards the reactions by interfering with the direct contact 
between the oxidised lead compounds and unaltered sulphide. 
With this exception, however, it acts, on the whole, advantage- 
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ously by hindering the fusion of the charge, at all events up to 
amounts of 10 or 12 per cent. When not present in the ore, 
lime is frequently added in small quantities during the process 
with the object of stiffening the charge and i)reventing fusion. 

Barytes and fluorspar remain inert during the process, but 
when present together tend to increase the fusibility of the charge. 

Chalyhite often occurs as a gangue of galena ores, but can be 
mostly removed by dressing. Small quantities which remain 
with the ore lose their CO^ during the roasting and become con- 
verted into magnetic oxide of iron, which assists the reaction by 
helping to stiffen the softened charge and, perhaps, also, by 
acting as an oxygen carrier. 

Pyrites in small quantity has a decidedly favourable influence 
on both the roasting and reaction periods. During the former it 
becomes oxidised to iron sulphates, which subsequently give off 
SOg, and so directly assist the formation of lead sulphate. 
During the latter, the ferric oxide formed tends to stiffen the 
charge and probably also to act as an oxygen carrier. In quan- 
tities above 10 or \i per cent., however, ferrous sulphide tends to 
form and run down prematurely as a matte or " regulus," retain- 
ing, moreover, lead sulphide in the residues ; and with 35 per 
cent, pyrites tlie roast and reaction process becomes not only 
uneconomical but impossible.* 

Clialcopyrite behaves like pyrites, except that some copfier is 
reduced with the lead. 

Blende is partly converted into oxide and sulphate during the 
roasting and partly remains unaltered. Up to 4 or 5 per cent., 
the presence of blende assists the roasting process ; but 10 or 12 
per cent, retards the reactions very much ; and 35 per cent., as 
in the case of pyrites, stops them altogether. 

Antimony (stibnite, Jamesonite, Bournonite, zinkenite) is the 
most deleterious of all foreign elements, even in quantities of 
only 2 to 3 per cent. In the first place, both its oxide and sul- 
phide are volatile, causing losses both of lead and silver. In the 
second place, they react upon each other, like the corresponding 
lead compounds, forming metallic antimony, part of which alloys 
with the lead, making it hard ; and part volatilises again, 
carrying lead with it. Moreover, both oxide and sulphide are 
readily fusible, causing the ore to cake even during the roasting 
process, while the former combines with lead oxide to form lead 
antimoniate, which remains in the residues and causes them to 
yield a very hard lead when re-smelted. 

Arsenic (mispickel, &c. ) like antimony, is very detrimental, 
causing losses by volatilisation and by combination with lead 
oxide to form arseniate. A portion also combines with the lead 
and contaminates it. 

Silver and c/old in the ores follow the lead reduced to metal, 
* Bouhj", Ann. dex itinex, 1870, vol. xvii., p. 178. 
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very little being left in the oxidised residue ; the lead reduced 
first is by far the richest in precious metals, so much so that it 
frequently contains four or five times as much as the last lead, 
and seven to ten times as much as that in the residues. 

ClassifLcation of Processes. — Until recently three main 
varieties of process have been distinguished, namely, the Carin- 
thian, English, and Silesian. The first, however, is only a 
survival, and the last is but a trifling modification of the 
second. Besides these there was formerly in existence a distinct 
Cornish process (of which the so-called Breton process was 
a modification) now no longer in use. 

The Carinthian process was only suited to pure rich ores, but 
from such extracted a large quantity of pure lead with a low 
loss, its disadvantages being the very high cost for fuel and 
labour. It was characterised by small furnaces and charges, and 
by a low temperature throughout, with the object of producing 
as nearly as possible 1 mol. of PbSO^, or 2 mols. of PbO for each 
mol. of unaltered PbS, so as to get the theoretical reactions : — 

/ PbS + PbSOj = 2Pb + 2S0., 
tPbS + 2PbO = 3Pb + SO2' 

Coal was added to the residues in the same furnace so as to get 
out as much lead as possible. 

This method was in use at Bleiberg, Carinthia, and also in 
Belgium, but has now given way * to a modified Silesian process, 
followed by smelting the residues in Pilz furnaces. There is, 
however, an American form of the process, which still exists to 
some small extent at isolated points in the Mississippi valley. 

The English [Flintshire) process is conducted in large furnaces 
and at a high temperature so as to get out as much lead as 
possible in the shortest time and with a small consumption of 
fuel ; the volatilisation loss is, however, rather high. Owing to 
the high temperature, reaction is at first chiefly between PbO 
and PbS, but little PbSO^ being formed, except towards the end 
of the process. 

The residues are treated in small blast furnaces (cupolas). 
The bilesian process is simply an improvement on the ordinary 
Flintshire method, with the object of saving labour Hud securing 
lower volatilisation losses. It is carried on in large furnaces, 
and at as low a temperature as possible, in consequence of which 
the proportion of lead obtained at first is smaller and the residues 
for subsequent cupola treatment are much richer. 

The extinct Cornish process was adapted to the treatment of 
60 to 70 per cent, lead ores containing some copper and other 
impurities. The roasting and reaction stages were carried on 
in separate furnaces, and a larger quantity of PbO and PbSO^ 
was formed in the first stage than was required for reaction 

' Oesterr. Zeitschr. J. Berg-, mwl Hiittenvesen, June 3rcl, 1S93, p. 283. 
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upon PbS in the second stage. This excess of PbO was reduced, 
partly by addition of "culm"* and partly by scrap iron, the 
latter of which also served to collect copper and any remaining 
sulphur into a " regulus," which cleaned the slag so effectually 
that it could be thrown away. The loss by volatilisation was, 
however, high, owing to the high temperature employed, and 
the process was more expensive than the ordinary English process. 

The Carinthlan Process. — This process was, until recently, 
used at Bleiberg in Carinthia for treating galena concentrates 
of from 60 to 75 per cent. lead. A good description, with 
illustrations of the furnace adopted, is given by Percy.t The 
charges in this furnace were only 3 to 4 cwts., and the slag from 
two successive charges was reduced in the same furnace with 
addition of charcoal. 

An almost exactly similar process was largely in use in 
Missouri and Wisconsin for treating the rich lead ores of the 
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Figs. 4 and 5. — Carinthian Furnace, American Variety 
(Vertical and Horizontal Section). 

Mississippi Valley, and still lingers in some places. A good 
description is given by Hofman.J The furnace employed is in 
both cases essentially the same, and the American variety (which 
is the simpler) is shown in plan and section in Figs. 4 and 5. 

* Anthracite slack. i Metallurgy of Lead, 1870, pp. 261-271. 

t Metallurgy of Lead, 1893, p. 89. 
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The charge in this furnace was about 1500 lbs. of galena, which 
was worked off in twelve hours, extracting an unknown pro- 
portion of the lead present, and leaving a " grey slag " which 
contained 65 per cent. Pb, chiefly as oxide, but partly also as 
silicate and sulphate. The Carinthian furnace is now, practically 
speaking, extinct, except in a few isolated localities, having been 
replaced by other methods less costly for labour and less waste- 
ful of fuel. 

The Snglish Method. — As already mentioned, the character- 
istics of this method are the use of large furnaces and moderately 
heavy charges, which are worked off quickly at a high tempera- 
ture, the direct yield of lead being high and the volatilisation 
loss also rather high. Two main varieties of the method may 
be described according to the style of furnace employed — viz., 
the Flintshire, and the Spanish reverberatory furnace or "boliche." 




IMiL 



Fig. 6. — Flintshire Furnace. 

The Flintshire Furnace. — The ordinary form of this furnace 
is built upon an air vault, which serves to cool the hearth. In 
some modified furnaces, instead of this vault, the whole furnace 
is open underneath, and is supported on iron rails or bars, and 
in any case it must be very strongly bound with cast-iron plates, 
buckstaves, and tie-rods. Common red brick is employed for all 
the outside work for the lower bottom, and for all parts of the 
furnace not exposed to a high heat, but the interior part of the 
furnace is built of firebrick. The true working bottom of the 
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furnace varies from 6 to 12 inches in thickness, and is composed 
of the grey slag produced in the smelting process, about 5 tons 
being required for the formation of the bottom, which is patched 
as required with slags produced in the furnace itself. Fig. 6* 




Fig. 7. — Smelting Furnace, Coueron; Horizontal Section on CD. 

«hows the ordinary form of Flintshire furnace, in which the 
■centres of the fireplace and flue are approximately in the longi- 
tudinal axis of the hearth, and the cast-iron lead well is situated 
in front of the middle working door at the front of the furnace. 
Figs. 7, 8, and 9t show Hutchison's modification introduced at 
Coueron, in which the line joining the grate and flue is set still 
farther to one side of the longitudinal axis of the hearth, and 
the lead pot is placed in front of the third front door in order 
to withdraw the lead as far as possible from the influence of 
heat. This furnace also shows the construction on iron girders, 
instead of the usual "air vault"; but these details are, of 
course, not essential. The firebridge is always air cooled, and 
it will be noticed that the exit flue is divided so as to permit 
of the flame being more spread towards the back of the hearth 
(i.e., the side opposite the well). The cast iron pot is usually 
provided with a separate fireplace in order to keep the lead 
molten while it is being ladled. The door frames and skew backs 
^re of cast iron, ^ inch thick. 

*From Percy, MetMurgy of Lead, 1870, p. 225. 

tFrom Phillips, Elements of Metailurgy, 1891, pp. 643, 644. 
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Mode of Working — The ores treated are from 75 to 80 per 
cent, by iron crucible assay. The usual charge is 21 cwts." dry 




, ..i'ig- 8. — Smelting Furnace, Coueroii ; Longitudinal Section. 

weight (atJCoueron, 27 cwts.), which, if not already fine enough, 
is crushed with rolls to about an 8-mesh ; after which it is 




Fig, 9.— Smelting Furnace, Couiiron ; Transverse Section through 
Tapping Hole. 
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charged into the furnace, still at a red heat from the previous 
operation, and spread over the hearth. 

First Stage — " Calcination." — The temperature is kept low, the 
damper being closed, and all the doors are left open so as to get 
as much oxidation as possible. This stage lasts from an hour 
and a half to two hours, by which time about one-third of the 
lead is oxidised — principally to PbO. 

Second Stage — " Boasting " or Reaction. — The grate is freed 
from clinkers and fired up with coal, and the dampers are slightly 
opened, while the front door-s are closed, and the charge is vigor- 
ously rabbled through the back doors. Effervescence takes place 
and much lead trickles down into the well. This stage lasts 
about half an hour, making a total of three hours from the 
charging. 

Third Stage — Melting down. — The doors are closed, the damper 
opened and the fire urged so as to melt down the whole charge 
into the well. This stage lasts about half an hour (three and 
a half hours from charging). 

Fourth 'Stage — Setting up. — All the doors being thrown open 
to cool the charge, a shovelful of slaked lime is thrown upon the 
surface of the molten slag in the well, while the bed is well 
scraped with iron paddles to detach any adhering half-melted 
portions of the charge. All such material detached is well 
mixed by rabbling with that pushed back from the lead-well 
after thickening with lime, and the whole is then raked back 
and " set up " on the sloping part of the hearth immediately 
beyond the firebridge. This stage takes about half an hour (four 
hours from charging). 

Fifth Stage — Second Calcination. — The damper being partly 
closed, the two doors near the fire are left open so as to oxidise 
the charge again during another period of about twenty minutes 
(four hours twenty minutes from charging). 

Sixth Stage — Second Roasting and Melting down. — The damper 
is fully opened and all the doors closed. Vigorous effervescence 
with reduction of metallic lead first takes place, and then the 
remainder of the charge quickly melts down into the well on 
top of the lead. This stage takes half an hour to forty minutes 
(five hours from charging). 

Two shovelfuls of lime being now thrown upon the surface of 
the slag and well rabbled in to thicken it, the slag is pushed back 
from the taphole and the furnace tapped into the pot. The slag 
is raked out through the middle front door and a new charge 
dropped and spread. 

The above sequence of operations is varied at different works ; 
thus with somewhat poorer ores it is common to subject the slag 
to a second " setting up," followed by a third calcination and 
melting, the whole process then taking six hours actual working 
time, or nearly seven hours including raking out the slag, cleaning 
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the hearth and spreading a fresh charge. Usually, however, 
two charges are readily worked off in a twelve-hour shift by 
two smelters and a labourer. 

The lead in the pot is allowed to cool before ladling, during 
which a considerable quantity of dross (consisting mainly of PbS) 
separates, the separation being assisted by stirring in coal slack 
and hot cinders. The mixture of dross and slack is thrown 
back into the furnace-well, when a small quantity of lead im- 
mediately sweats out, and is allowed to run through the taphole 
before stopping this with a plug of mortar for the next charge 
(already spread and " calcining "). 

Analyses of Produce. — The following table adapted from 
Percy* shows the actual condition of the charge at different 
stages of the process : — 



TABLE VII. 
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21 cwts. 


18 cwts. 


8 cwts. 


4 cwts. 


34 cwts. 


2} cwts. 



It is noteworthy that the proportion of PbSO^ at first formed 
is comparatively small, the lead being chiefly converted direct 
into oxide. The temperature of the mass at the first melting 
down is so low that no lead silicate is formed. After the 
addition of lime and the elimination of more lead, however, the 



* Op. e»(.,p. 235. 
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residue (which is now much richer in ZnO, AljOg, and FcjO,, 
as well as OaO) is so much more infusible that, at the increased 
temperature to which it is now exposed, PbO and SiOj enter 
into combination with each other. Percy discusses at some 
length* the function performed by lime in the process, and 
comes to the conclusion that its action is essentially, if not 
exclusively, mechanical. While its principal function is un- 
doubtedly mechanical, the author would suggest that possibly 
it may assist in liberating PbO from silicate formed during the 
first melting down, to act upon residual PbS ; for, although the 
silicates of lead undoubtedly react upon PbS direct (as proved 
by Beckf), yet the temperature at which this reaction begins is 
in all probability above that which prevails at the second cal- 
cination stage of the lead smelting process. Similarly, Percy 
himself shows that at the temperature of the final melting down 
of grey slag there is no reaction between lead sulphate and 
silicate. 

Seeing what a large excess of oxidised compounds is formed 
in the final stages of the process, it might be supposed that a 
better proportion of lead would be extracted by keeping the 
amount of oxidation low. It should be borne in mind, how- 
ever, that besides the bad efiect of a large quantity of PbS 

liquating out with the lead, 
a lessened oxidation at first 
would greatly increase the 
duration of the process, and, 
therefore, its cost ; besides, 
in all probability, increasing 
the volatilisation losses, since 
PbS is much more volatile 
than either the metal or its 
oxide. 

At Goueron (France), un- 
til recently, rich galena ores 
from Sardinia were smelted 
in the modified Flintshire 
furnace (already figured), but 
the process was modified by 
lengthening its duration and 
lowering the temperature 
after the Silesian method, so 
that the charge was never 
allowed to melt. By these 
modifications in the furnace and in the process, the loss by 
volatilisation was reduced very considerably. 

The " Boliche " or Spanish furnace, so widely used throu-^hout 
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Fig. 10.— The "Boliche" Furnace. 



Op. cit., p. 237. 



t Quoted by Percy, op. cit., p. 48. 
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the south of Spain, is shown in Fig. 10.* A is the fireplace 
adapted to burn brushwood, h the firebridge, C the smelting 
liearth more or less circular in form, dd the flues through which 
the gases escape into a second chamber, E, the function of which 
is said to be the checking and regulation of the draught, ./' the 
exit flue, and G the chimney. The fire door is at A, and the 
working door at_;; in front of the latter is the well, k, to which 
the hearth slopes, and which communicates by means of an 
underground flue, shown in dotted lines, with the iron reservoir, 
I, from which the lead is ladled into moulds. The furnace is 
built entirely of refractory sandstone. 

Of recent years furnaces of this general type have been adapted 
by the English companies operating at Linares so as to burn coal. 
This difference of fuel, besides requiring different form and 
dimensions of the firebox, has rendered it necessary to lengthen 
and narrow the working hearth. Further details as to the 
working of these improved " boliches " (which may be regarded 
as working on the English principle, though, unlike the present 
Silesian furnaces, they originated independently in Spain, and 
were not merely improved from an old English model) are 
given in Table IX. 

In the old " boliche " burning brushwood, ashes and fine 
cinders from the ashpit were exclusively used for the purpose 
of " drying " the charge and allowing it to be " set up " for 
re-roasting. With the advent of English smelters, lime was 
substituted; but the present management of the Linares works 
has found it advantageous to revert to the use of fine cinders 
to the amount of one-fifth of the lime. The Linares woi'ks are 
quite important, since in 1895 they treated 11,169 tons of ore, 
j^ielding 7406 tons of ore-lead with 12i ozs. Ag per ton, and 
650 tons slag-lead with 4 ozs. Ag per ton. 

The Silesian Process may be considered as the slow, low 
temperature Carinthian process carried on with large charges 
in a modified English furnace, the final stage of slag reduction 
being omitted and carried on in cnpolas. The use of a large 
furnace secures the principal advantages of the English process — 
namely, a large production at low cost for fuel and wages. The 
incomplete slag reduction is no drawback, since in any case 
reverberatory treatment of lead slags has always to be supple- 
mented by a separate treatment in a hearth or cupola, by which 
means the volatilisation loss is lessened ; and by stopping the 
reduction early no copper or antimony come down with the last 
lead to contaminate that already tapped. The lead produced in 
this process is, therefore, purer than in the English process. 
Moreover, the volatilisation loss of lead is less than by any other 
process, owing to the low temperature at which the roasting is 
conducted. 

*From Percy, op. cit., p. 250. 
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Silesian Process at Tarnowitz (Upper Silesia).* — The 

process at the Friedrichshiitte, Tarnowitz, is a little peculiar in 
that a portion of the ore, specially rich in blende, is roasted as 
thoroughly as possible in a long reverberatory roaster and then 
added to the rest of the charge in the lead furnace, together 
with flue dust, litharge, and other oxidised products from the 
refinery, all of which assist in the reaction upon undecomposed 
lead sulphide. 

The ores treated contain about 70 per cent, lead as galena, 
with 5 per cent, zinc as blende and trifling admixtures of pyrites,, 
chalybite, calcite, dolomite, and calamine. They are practically 
free from copper and arsenic, contain very little antimony, and 
only about 5 ozs. of silver per ton. 

The construction of the furnace used is shown in the following^ 
Figs. 11 to 14. In general form it somewhat resembles the 
English furnaces already described, especially the Coueron 
modification of the Flintshire furnace, for the hearth slopes 
gradually towards the sump, and not suddenly as in the old 
Flintshire furnace, and the well is at the farther end door. It is 
rectangular in form, with 4 working doors on each side, the well 
being at the coolest end of the furnace below the door next the 
flue, the opening into which is divided into 4 by means of brick 
partitions. The bridge is hollow, and contains a cast-iron 
trough, cooled by a current of air which is drawn through it by 
means of a hole in the roof, as shown on the plan, Fig. 12. The 
iron-grate bars are placed transversely in the firebox, and not 
longitudinally as usual, firing takes place from both sides, ashes 
being removed at the end of the furnace. The roof is horizontal 
from the firebox to the centre of the hearth, where the charging 
opening is situated, falling thence in a straight line to the flue 
(longitudinal section, Fig. 11). The furnace is completely cased 
in iron plates strongly bound by iron-rail buckstays and tie-rods. 
The hearth is built of red brick on a thick sand bed sloping 
towards the flue at about the right angle for the final hearth, as 
shown in Fig. 13. Over this is formed the trough-like brasque 
bottom, composed of clay 1 part, coke 3 parts, which slopes 
towards the well, and varies in thickness from 4 inches to 
12 inches. The actual working bottom is a layer 4 inches thick 
of slag having a high melting point, and spread evenly over the 
whole area, following the surface of the brasque bottom already 
rammed to the proper curve. This working hearth used to be 
made of tap cinder, but ordinary gray slag mixed with lime is 
now used instead, exactly as in English furnaces. 

Mode ofWorklng. — The charge weighing 2500 kilos, (say 2^ 
tons English), and crushed to pass a 5-mesh screen, is dropped into 
the furnace, which is already at a dark red heat (500° to 600° C), 

* Zeitschrift fiir Berg-fliitten.- mid Salinen-Wesen, vol. xxxii., p. 94, 
and vol. xxxiv., p. 292; also Sohnabel, Handburh der MetallhiMenkundt, 
vol. i., p. .305. 
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Fig. 11. — Silesian Furnace (Longitudinal Section). 
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Fig. 13. — Silesian Furnace. 
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Fig. 14. — Silesian Furnace. 
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and spread out so as to form a layer 3 inches to 4 inches thick. 
The fire is fed with cinders only, so as to keep the temperature 
low ; the galena begins to decrepitate, and the charge gradually 
acquires the temperature of the furnace after about an hour. 
The doors are now opened, and roasting begins at the surface of 
the charge, a white crust of oxide and sulphate being formed. 
About every twenty minutes the charge is turned over by 
means of paddles, or stirred with rabbles, so as to expose new 
surfaces to the action of the air and prevent clotting. After 
four hours the oxidised additions are made, consisting of a 
portion of the same ore previously roasted, with flue dust and car- 
bonate ore when available. The total weight of these additions 
is about 10 to 12 cwts., and they are well stirred in ; at the same 
time the grates are cleaned and fed with good coal, and the 
damper is fully opened so as to raise the temperature. The 
reaction period begins, lead runs down, and the ore softens so 
much as the temperature rises that lime has to be thrown on the 
charge and well rabbled in to stiffen it, after which the whole 
charge is turned over. The working doors being open during 
these operations, the furnace cools off so much that the flow of 
lead ceases, while more of the undecomposed sulphide oxidises. 
On shutting the furnace doors the temperature soon rises, 
reaction begins again and more lead flows out. This alternate 
oxidation and heating of the charge takes place at intervals of 
about one and a-half to two hours throughout the whole period 
of reaction. About three hours from the start the well is tapped 
into the kettle, poled there, drossed, and ladled into moulds, the 
dross being set aside for subsequent treatment. This first 
kettleful of "virgin lead" carries from 50 to 60 ozs. of silver per 
ton. About 10 cwts. of oxidised skimmings from the steam 
refining of lead desilverised by the Parkes process, and con- 
taining 75 to 80 per cent. PbO and 18 to 20 per cent. ZnO, are 
now added and the doors closed, while the fire is fed with small 
coal to ensure a smoky flame. This reduces lead sulphate to 
sulphide, and lead oxide to metal, and the flow of lead begins 
again. Further tappings are obtained each hour and a-half, 
steadily decreasing, however, in amount and in silver contents. 
Before the last tapping the kettle drosses obtained by poling 
the previous kettle leads are' thrown into the furnace and 
melted down with the last tapping. In all, the reaction period 
lasts seven hours ; after which the residues are raked out, the 
hearth repaired where necessary and sprinkled with lime, and 
a new charge added. 

The removal of the residues was formerly effected by raking 
them out of the last working door opposite the well into a box 
filled with water, but the fumes were very injurious to the 
workmen employed, and dangerous explosions sometimes oc- 
curred. In th6 latest furnace, the residues are raked through an 
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opening in the furnace hearth, wliich is covered by an iron plate 
during the working of the charge, into a wheeled iron slag pot 
underneath. This improvement, not shown in the figure, has 
had a great effect on the health of the workmen. 

About 60 to 65 per cent, only of tlie lead contents of the ores 
are extracted as work-lead, containing on the average 6 to 7 ozs. 
silver per ton ; the remainder is all found in the residues 
(amounting to 30 to 35 per cent, of the weight of the charge 
and containing 40 to 55 per cent, metal), except about 445 
per cent. Of this, most is recovered in the form of flue-dust, 
which chiefly consists of PbSO^, so that the real loss in the 
process unaccounted for is only 1| per cent.* — calculated on 
the commercial dry assay of the ore. The residues are treated 
in a cupola furnace. 

The total length of an operation is eleven to twelve hours, 
2 men working on each 12-hour shift. The consumption of fuel 
varies between 40 and 50 per cent, of the weight of the charge, 
and that of lime amounts to about 1 per cent. 

At Bleiberg near Montzen (Belgium)f the furnace in use is 
similar, except that it has a fireplace at each end, the flue opening 
being in the middle of the arch. The calcination period on a 
2-ton charge lasts six hours, and the period of reactions six 
hours. Further details are ^iven in Tables VIII. and IX. 

The Plowing or Cornish Process. — In this process, now 
extinct, the operations of calcination and of reaction were per- 
formed in separate furnaces, and a larger quantity of PbO and 
PbSO^ was formed in the first than was required for reaction 
upon PbS in the second. The hearth of the calcining furnace 
was rhomb-shaped, the firebridge and flue door being at the ends 
of the longer axis, and the working doors at the ends of the 
transverse axis. The charge was from 1 i to 3 tons, according to 
size, and the calcination took fifteen to eighteen hours with a 
coal consumption of 30 per cent, by weight. 

The flowing furnace is rectangular and longer, and contains four 
working doors on opposite sides, besides thfe flue door at the end 
opposite the firebridge. The hearth is saucer-shaped in longitud- 
inal section and wholly inclined sideways towards the second 
door on the front, beneath which is the usual cast-iron pot. The 
whole of the heai'th is carried on iron bars stretched transversely 
across the foundation walls and arranged roughly parallel to the 
contour of the working bottom. 

The charge in the Cornish process was 2 tons of calcined ore, 
which was spread on the hearth and run down into the well in 
about three hours, when the lead was tapped out, the residues 
thickened with lime and cut in and " set up." Some 5 per cent.' 
of scrap iron was then thrown into the well, and the charge 

* Sohnabel, Handhuch der Metal/hntienhtnde, vol. i., p. .307. 
t Schnabel, op. rit., p. 308. 
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kgain melted down, the lead being tapped out together with the 
matte, or " slurry," formed, which carried nearly all the copper 
present in the ores. The whole time required to work off a 
charge was about eight hours, and the coal consumption 40 per 
cent. The slags were usually poor enough to throw away and 
the process was specially adapted to the smelting of coppery ores 
containing only 60 to 70 per cent. lead. 

The whole operation in the flowing furnace usually took about 
eight hours, and on account of the higher temperature required to 
melt the larger quantity of refractory material, the volatilisation 
loss and consumption of fuel were both greater than in the Flint- 
shire furnace, which more than offset the advantage of cleaner 
slags. The flowing furnace has been, however, very largely used 
in Wales and elsewhere for reducing the grey slags of the Flint- 
shire furnace, as well as for treating rich silver ores, lead residues, 
jeweller's "sweep," ifec, and is still in use to a considerable 
extent for such and similar purposes. 

TABLE VIII. — Details op Reveeberatory Lead Fuhnaces. 





Carinthian 
Method. 


Engliih Method. 


Silesian 
Method. 


ill 


ii 


1 


If 

Oh 




fi 


is 


Reference, 


i. 


2. 


3. 


4. 


5. 


6. 


7. 


Hearth length, 

„ width at bridge, . 
,, ,, flue, 
,, medium width, . 
Grate length, . 
„ width, . 
Bridge length, 

, , height above hearth, 
,, height to roof, 
Grate area : hearth area, . 
, , : chimney sec- 
tion, .... 
Hearth area (square feet), 


11' 0" 

5' 0" j 

7'0" 
1'3" 
3' 7" 
4"- 5" 

9" 
1 :6 

7: 1 
55 


10' 0" 
2' 6" 
4'0" 
2' 0" 
3'0" 
2'0" 
2' 0" 

6'' 
1:5-4 

8:1 
31 


12' 0" 
3' 6" 

4'0" 
9' 6" 
4' 6" 
2' 6" 
3' 6" 
12" 
9" 
1 :1b 

11 :1 
94-5 


■:i 


1 1' 9" 

10' 10" 

8'0" 
1' 8" 
6'0" 
1'3" 
I'O" 
1:9-6 

127 


16' 0" 

8' 10" 

S'O" 
1'8" 
6'0" 
I'S" 
I'O" 
1:10-6 

140 


15' 5" 

9' 6" 

6' 6" 
2' 8" 
6'0" 

I'O" 
1:8-3 

141 



Comparison of the Various Processes. — Comparative 
data have been thrown into tabular form to facilitate refer- 
ence. Table VIII. gives constructional details of various lead 
furnaces, and Table IX. details of the operations carried out in 
them. 
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Duration of operation, hours. 
Men per furnace, 24 hours. 
Lead produced per charge, lbs.. 
Grey slag produced per charge, lbs., 
,, per cent, of charge by weight, 
,, assay lead, percent.. 

Flue dust per charge 

,, per cent, of charge by weight, 

,, assay lead, percent.. 

Of lead charged : — - 

Obtained in bars, per cent., 

,, from grey slag, percent., 

,, from flue dust, per cent.. 

Volatilisation — loss, per cent.. 

Fuel consumption — coal, per cent. , 

Consumption of lime, per cent. , 
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Superintendence, &c., 

Labour 

Coal, . 

Tools and general expenses, 
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Bye-Products and their Treatment. 

The principal bye-producfcs of reverberatory lead smelting are 
grey slag and fume. 

Grey Slag. — The composition of this substance varies con- 
siderably, as shown by the following analyses : — 

TABLE X. — Analyses of Grey Slags. 





Carinthian 

Furnace, 

Engir. 


Ail- Fm-naoe, 
Misaouii. 


Flintshire, 
HolywelL 


Flintshire, 
Bagillt. 


Silesian, 
Tamowitz. 


Kefei-ence, 


1. 


2. 


3. 


4. 


5. 


Pb(free),. 
PbS, 

PbS04, . 

PbSiOs, . 
PbO, 
ZnO, 
AlA- 

^r : : 

FeS, 

MnO, . 
CaO, 

^^"' : : 

t: : : 

SiO.„ 
Insoluble, 

Total Pb, . 


45-05 

20-80 
14-70 1 

.3-70 

6-10 
15 85 


20-929 

2-349 

44-26] 

7-146 
0-152 
3-680 

4-650 
3-948 

12-049 


6-90 
9-85 
59-28 
2-11 
7-52 
3 01 
2-86 

12-68 
1-45 


18-73 

48-28 

12-00 
0-71 

3-89 
13-50 

2-12 


13269 
12-373 
24-375 
22-857 

tr. 

8-<)57 

1-823 

tr. 

11-190 

4-821 
0-015 


99 80 


99-063 


99-66 

52-88 


99-23 


99-680 



Beferences. — 1. Bouhy, " La fabrication du plomb," 1870. 2. Williams, 
Geol. Survey of Muaouri, 1877, pp. 8-101. 3. Percy, Metallurgy oj Lead, 
1870, p. 2.35. 4. Ibid., p. 239. 5. lUd., p. 242. 

It is sometimes treated in the flowing furnace, sometimes in 
the slag hearth (a form of low, open, blast furnace), more 
commonly, however, in some form of cupola or high blast 
furnace. 

Fume. — Some analyses of this substance from reverberatory 
furnaces are given in Chapter xii., and the various methods 
of collection and condensation are also dealt with in that 
chapter. Various modes of " bricking " it, as a preparation 
for further treatment, are referred to in Chapter x. At a 
large number of reverberatory smelting works the fume is 
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biicked and run down in a cupola together with the giey slag, 
but, owing to its light cliaraoter, it is best treated in rever- 
beratories. 

At Linares* the bricked fume is first smelted together with 
some fine coal in a reverberatory, yielding a considerable pro- 
portion of lead and a very rich lead slag called " black slag," 
which is found to assist materially in smelting the grey slags 
from the modernised "boliche" or Spanish form of the English 
reverberatory. These grey slags contain 21 per cent. Pb, and 
are smelted together with the above " black slag," a certain 
proportion of crude fume, and of iron flux in a round sandstone 
" Castilian furnace " with 5 tuyeres, using coke fuel, the blast 
for which is supplied by a fan. The total quantity of charge 
put through in twenty-four hours is — grey slag 20 tons (metric), 
black slag 9 tons, fume 9 tons, iron flux 6 tons, which is smelted 
with 8 tons coke. It is reckoned that in this slag and fume 
smelting 15 per cent, of the lead charged into the furnace goes 
back to the flues. During 1895, 2570 tons of grey slags and 520 
tons fume were treated with a yield of 650 tons slag- and fume- 
lead. 

The fume-condensing arrangements at these works are referred 
to in Chap. xii. 

Suggested Improvements in the Boast Beaction Process. 
—As already seen, the ordinary reaction process in rever- 
beratories is only adapted to the treatment of high grade galena 
concentrates containing, say, 60 per cent, lead or upwards ; with 
those of lower grade the process is much lengthened, and the 
final slags retain too large a proportion of the total lead contents 
of tlie cliarge. The bulk of low quality zincy concentrates and 
middlings, therefore, are either reconcentrated (at a ruinous loss) 
in order to bring them up to a higher grade, or else are treated 
in blast furnaces after roasting, as is done (for example) with 
all the second quality concentrates and the zincy slimes of the 
various dressing works at Broken Hill, N. S. W. 

The small capacity of existing reverberatory lead furnaces and 
their heavy cost for fuel and labour render them very unsuitable 
to the treatment of zincy galena containing, say, 50 per cent, 
lead, while the very high cost of coke as compared with slack 
coal and the tine condition of the materials are great drawbacks 
to the use of the blast furnace. In a paper read before the 
Australasian Institute of Mining Engineers in April, 1897, t the 
author suggested that a roast-reaction method carried out in two 
separate stages in furnaces of large capacity, the red hot ore from 
tlie roaster being charged direct into the smelting furnace upon 
a bath of molten lead, would combine the advantages of the 
reverberatory (use of cheap raw fuel) with those of the blast 

* Private communication, H. W. Peaise, Sept., 1896. 

i Tranxaclioiu AuftraJ. Iit«t. M. E., vol. iv., 1S9T, p. 124. 
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furnace (large capacity, &c.). For details the original paper may 
be consulted, but the following summary may be given here : — 

It is suggested that three-fifths (more or less as shown by 
assays) of the material to be treated should be roasted in a long 
hearth reverberatory, say, 50 feet by 16 feet, at a fairly high 
temperature with low draught, so as to convert as much as 
possible of the lead into PbSO^. The hot roasted ore, drawn 
into hopper trucks, should then be charged, together with an 
equivalent quantity of raw ore, into the hoppers of a large 
reverberatory smelting furnace. 

This should be, say, 24 feet long by 10 to 12 feet wide, 
supplied with heated air under the grate, like those used for 
copper smelting at Butte,* Montana, but, unlike them, built 
into a wrought-iron tank and provided with «, water jacket 
round the sides, after the fashion of a softening furnace, t It 
would have its taphole or well at least 6 inches or more from 
the bottom so as to contain a pool of 40 or 50 tons of molten 
lead to assist in spreading and quickly heating the charge, and 
such a furnace would probably be capable of working ott" a 5-ton 
charge in two hours or less with a coal consumption of 15 to 18 
per cent. The slag would be skimmed from 3 doors near the 
flue end, as in a copper furnace, and the lead could be tapped as 
required from a taphole, or " dipped " continuously from a 
"syphon tap" lead well,| as from a blast furnace. 

Including that used in roasting the larger part of the charge, 
the total consumption of coal would probably not exceed 30 per 
cent, in all, as against 40 to 50 per cent, in the ordinary English 
process treating a less refractory ore; and, although the grey 
slag would have to be re-smelted, its amount would not be so 
much greater than that produced in the Flintshire furnace as to 
offset the saving in the first smelting, even allowing for a some- 
what increased volatilisation loss, against which might be set the 
much smaller labour cost. As compared with blast furnace 
smelting, the saving in dear coke would more than compensate 
for the increased amount of cheap slack coal used, and the 
treatment of other ores in the blast furnace, together with the 
grey slags, would be much facilitated by getting rid of the fine 
concentrates. 

' 0. Peters, Modern Copper Smelting, 7tli Ed., 1895, pp. 452 to 465. 
1 0. Figures and description, chap. xv. 
+ 0. Chap, viii., p. 139. 
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CHAPTER V. 
LEAD SMELTING IN HEARTHS. 

The "hearth" is a species of low furnace, of which the black- 
smith's forge is the simplest type, in which the charge mixed, or 
in actual contact, with fuel is handled by appropriate tools, 
while the heat is kept up by the action of a blast on the fuel. 
It may be said, therefore, to be in its operation intermediate 
between a reverberatory and a blast furnace. The mixture of 
fuel and ore floats on a bath of molten lead, of which the hearth 
is kept full so as to avoid the formation of crusts. The "roast 
and reaction method," as carried on in these furnaces, differs 
essentially from that in reverberatories because roasting and 
reaction go on simultaneously, and there is considerable direct 
reduction of lead oxide (formed by the action of the blast on 
galena) to metal by the glowing fuel. As regards purity of the 
ore adapted to the process, the same conditions which govern its 
aj)plicability to reverberatory treatment must be even more 
strictly observed, while the volatilisation loss being much higher,, 
argentiferous galenas are always better treated in reverberatories. 
Finely-powdered ore, moreover, cannot be treated in a hearth 
without previous agglomeration, as it would be blown away by 
the blast. The capacity of the hearth is less than that of the 
reverberatory, and it requires power and a blower. On the otlier 
hand, the fuel consumption is less (usually not more than one- 
half, any kind of fuel can be used from coal to wood or peat), and 
it possesses the great advantage over a reverberatory of being 
easily stopped and started again without much loss of time or of 
heat and without those strains caused by alternate expansion 
and contraction which are so destructive to the brickwork of a 
reverberatory. In spite of arrangements for drawing off and 
condensing as much as possible of the volatilised lead fume, the 
large amount which escapes is very unwholesome to the men 
employed, who are more exposed than those working rever- 
beratory furnaces. 

The hearth is invariably made of cast iron, and in front of it 
is a oast-iron " workplate," with a groove to carry off the reduced 
lead into a kettle. There is usually a partial front wall com- 
posed of a thick bar of iron, but often the front is simply a dam 
formed of ashes and powdered galena which is impervious to 
melted lead. The sides and back may be cooled simply by 
radiation from large and heavy castings (Scotch hearth), by a 
current of air (Rossie hearth), by a water-box (American hearth), 
or by both air- and water-boxes combined (Moffet-Jumbo hearth). 
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These diffei-ences may conveniently be taken as representing 
four distinct modifications of the hearth process, though the 
manipulation is much the same in all. 

1. The Scotch Hearth. — This furnace was invented many 
centuries ago in the Leadhills (Scotland), where it is still in use, 
the principal improvements being the substitution of heavy 
castings for the flagstones and thin castings originally used to 
form' the sides and back of the furnace, by which means the 
•working of the furnace, formerly intermittent with periods of 
" cooling-off " in order to protect the furnace from destruction, 
can now be carried on continuously from Monday till Saturday. 
The fuel employed was formerly peat, but coal is now almost 
exclusively used. 
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Figs. 15 and 16.— Keld Head Ore Hearth. 

Construction. — The construction of an ore hearth will be under- 
stood from the following Figs. 15 to 19. Figs. 15 and 16* 
represent the ore hearth of the Keld Head Co., Yorkshire, and 
Figs. 17 to 19 t that in use at Leadhills, which may, perhaps, be 
regarded as the typical form of Scotch hearth. The lettering in 
both series of figures is the same to facilitate reference. The 
base is formed of a cast-iron '■ hearth bottom " or " hearth box," 
a, cast in one piece ; its dimensions are, at Keld Head, 23 ins. 
long, 21 ins. wide, and 12 ins. deep, the iron being H ins. thick 

* Percy, Metalliiryy oj Lead, p. 281. 

t Sexton, if. and M. J., Feb. 23rd, 1S95. 
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in front and 2^ ins. at the back ; at Leadhills the box is 22 ins. 
long from front to back, 30 ins. wide and only 6 ins. deep, the 
iron being 1 in. thick throughout. This hearth bottom forms the 
crucible of the furnace, and, when running, is always full of 
molten lead. The hearth proper, in which the smelting takes 
place, is built upon it by means of heavy blocks of cast-iron, 
technically called "stones." In front of the hearth is the 
" workstone," h, which may be cast in one piece with the hearth 
bottom, as at Keld Head, but is more commonly a separate 
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Figs. 17-19. — Scotch Hearth as used at Leadhills. 

casting. At the back is a single tuyere, b, which is bedded in a 
mixture of mortar and slag. The remaining pieces forming the 
hearth are as follows : — 

cc. Two "bearers " or "lower sidestones" resting on the hearth 
box and measuring, at Keld Head, 2 ft. long x 7 ins. square (at 
Leadhills, 2 ft. 9 ins. long x 6 ins. square). 

dd. Four keystones 10 ins. cube (Keld Head), or two " upper 
sidestones " 2 ft. 6 ins. long x 6 ins. wide x 10 ins. high (Lead- 
hills). 

e. "Lower backstone" or "pipestone," 2 ft. 6 ins. x 1 ft. 2 
ins. X 3 ins. thick at Keld Head ; and 2 ft. long x 8 ins. square 
&t Leadhills. 

/. " Upper backstone," 2 ft. 8 ins. long x 5 ins. wide x 2 ins. 
■deep at Keld Head ; 2 ft. long x 8 ins. square at Leadhills. 

ff. " Forestone," which at Keld Head is a block fitting between 
the two keystones and at Leadhills is absent. 

In the figures the lead pot is shown at i, that at Leadhills 
having a transverse partition perforated at the bottom to allow 
scum, ashes, &c., to float on the surface of the lead in the larger 
division, while only clean lead flows under into the smaller 
division, from which it is ladled at intervals. The hearths at 
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Keld Head are arranged under brick hoods as shown, h being 
a -working door at the side through which fuel is charged, and 
I the connection with the main flue. At Leadhills a sheet-iron 
hood, H, supported on an iron crossbar, B, and a brick back wall 
carries off the fumes. 

Mode of Working. — Each furnace requires two men on a shift, 
the shifts being formerly of eight hours, but now very commonly 
of six hours only ; the tools used are paddles, shovels, and rakes; 
piles of ore, coal, and lime are arranged close in front of the 
hearth. After lighting a wood fire in the sump, coal is added 
under a light blast, continually turned over, and the ashes re- 
moved till the hearth is full of glowing fuel. A charge of about 
20 lbs. of ore is then scattered on the bed of fuel, where it soon 
commences to yield lead and to slag. The bed of fuel is then 
lifted and stirred, the half-melted masses called " browse " are 
drawn out on to the workstone and broken up with the bar, com- 
pletely slagged portions being thrown aside, while partially 
decomposed portions are returned together with more ore, and 
this process continued until the hearth becomes full of melted 
lead, upon which float the remaining fuel and half-decomposed 
residues. The hearth, being now in normal working order, 
receives new charges at intervals of about five minutes. Each 
charge consists of a shovelful of coal, which is sprinkled over 
the residues and thrown chiefly towards the back of the hearth 
near the tuyere, followed by from 20 to 30 lbs. of ore previously 
mixed with from \\ to 2 per cent, of lime. After adding each 
charge the flre is left undisturbed for about three minutes, one 
of the furnacemen then inserts his bar into the lead and raises 
the crusts lying beneath the fuel, while his companion with 
a long-handled shovel draws them out upon the workstone. 
The half-fused masses are broken up, slag is thrown into a 
water box at one side, while the half-decomposed ore is returned 
to the furnace with a little lime. The tuyere is cleaned out if 
necessary, a shovelful of coal added, and followed by another 
charge of ore. 

The ores treated are pure galenas dressed by jig and buddle 
up to about 77 per cent, lead, and the lead is very pure, seldom 
requiring to be poled before ladling, though this is sometimes 
done to improve the quality. Each hearth treats 6| to 7 tons 
of ore per twenty -four hours, yielding about 4 tons (80 pigs) of 
lead, and the consumption of fuel is about 18 cwts. to 1 ton of 
coal slack, or say 10 to 12 per cent, of the weight of ore treated. 

The grey slag produced is broken up and hand picked to 
remove pieces of lead and of half-decomposed ore, but still 
retains many small shots of metal. After separating these, a 
sample of Leadhills slag yielded on analysis* PbS 5-63 per cent., 
PbSO^ 10-36 per cent., PbO 34'88 per cent, (equal to total com- 
* E. and M. J., Feb. 23, 1895. 
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Lined lead 34"8 per cent.), CaO 4-10 per cent., ZnO 0-96 per 
cent., FcjOg and AljOg 18'20 per cent., SiOj 26-00 = 100-12. It 
is allowed tu accumulate till a sufficient quantity is obtained 
for a campaign, and is then run through a slag hearth. The 
fume drawn off through the hood by means of the draught 
caused by a high chimney is coi\densed — usually in chambers 
filled with brushwood through which a spray of water is con- 
tinually falling. The water is led into a system of tanks, where 
it deposits a fine grey sludge which is plastered on the work 
plate to dry, and is then mixed with the ore charge in small 
proportions. 

2. The Air-oooled or Rossie Hearth. — In this form of 
hearth, first introduced at Eossie, N.Y., and afterwards in the 
Mississippi Valley and at Bleiberg, the back and sides were 
cooled by circulation of the blast through the hollow castings of 
which they were formed. The capacity of this hearth was some- 
what greater than that of the simple Scotch hearth, but the hot 
blast caused a greatly increased volatilisation loss, and on this 
account it has entirely dropped out of use. 

3 The Water-cooled Hearth.* — This is of American origin, 
and. its construction is seen in Figs. 20 and 2 1 . The hearth box. 





Pigs. 20 and 21.— Water-cooled Hearth. 

c, filled with molten lead, upon which floats the charge of ore 
and charcoal, 6, is of cast iron set in brickwork, c, and its capacity 
is about 2500 lbs. of lead. The workstone, d, is a separate 
casting with a groove leading to the kettle, e. Above the hearth 
box is the water box or "tuyere plate," /, of cast iron 1^ inches 
thick, which forms the back and sides of the hearth, and in 
which three tuyere holes, g, are cast. The water enters at h, 
and leaves at i. At the back is the wind box, j, into which 
the blast enters at k, passing into the furnace through three 
wrought-iron tuyere nozzles from 1 to li inches diameter inserted 

'Brcadhead, Oeol. Survey of Missouri, 1873-74, p. 492; Williama, 
Industrial Report, Ibid., 1877, p. 36; also Trans. A.I.M.E., vol. v., 
p. 324. 
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in the tuyere holes. The tuyere level is from 1 to 3 inches 
above the constant level of the molten lead. Above the hearth 
is placed a sheet-iron hood (not shown) to carry off the fumes. 
Wood or charcoal may be used as fuel, but charcoal is more 
usually employed, and the capacity of elach furnace is 44 short 
tons ( = 4 tons English) per twenty-four hours. These hearths 
are in common use in Missouri for treating the pure non- 
argentiferous galena of that region, the average composition 
of which is PbS 97-05 per cent.^ ZnS 1-41 per cent., FeS, 0-34 
per cent., insoluble 61 per cent.. Ag 1^ ozs. per ton. It is not 
easy to see, however, in what way they are superior to the 
Scotch hearths built up of heavy castings cooled by radiation, 
except in being somewhat cooler for the men to work at. The 
capacity is no greater, and, on the other hand, the cost of 
replacement of the iron water-back made in one piece through 
cracking and wear and tear is probably much greater over a 
Series of years than that of the heavy Scotch castings, which 
are reversible as they become burnt, and liave four wearing 
faces. The scarcity and cost of water would also be a difficulty, 
and an objection in many cases. The total weiglit of the Scotch 
hearth is considerable, but the pieces composing it are, with tlie 
exception of the hearth bottom, very portable, and for transport 
in mountainous districts the latter miglit be, if necessary, made 
of wrought iron reinforced at the front and back with replace- 
able cast-iron plates to resist burning. 

4. The Jumbo, Double, or Moffet Hearth.* — This hearth, 
designed by Moffet, is in use at the works of the Picher Lead 
Company at Joplin, Mo., and its construction is shown in 
Figs. 22 to 25. The hearth box is not set in brickwork, but 
consists of a simple iron trough 4 feet long, 3 feet 6 inches wide, 
and 10 inches deep, divided longitudinally- by a hollow partition, 
and supported 26 inches above the floor by means of four short 
cast-iron pillars, so as to cool the lead by the circulation of air 
underneath. Upon each long side of the trough stands a water 
box 6 inches wide and 20 inches high, while on each end is 
placed an air box 4 feet 4 inches lon<?, 6 inches wide, and 
20 inches high. The hollow partition in the centre is also 
carried up 20 inches high by means of a pair of long hollow 
boxes, each 4 feet by 7 inches wide by 10 inches high. The 
upper one is the air box, and is partitioned longitudinally, each 
half being connected with the air box forming one end of the 
hearth through which the blast passes before entering the central 
air box. From each half of the latter seven copper tuyeres, each 
of 1 inch inside diameter, descend through the water box and 
deliver the blast at the level of the top of tlie hearth trough. 
The furnace thus consists of two long hearths placed back to 
back, water cooled in their hottest part, and air cooled above, 
* Dewey, Trans. A.I.M.E., vol. xviii., p. 674. 
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provided with a hot blast so as to volatilise a large proportion 
of the lead, and delivering their fumes into a common sheet-iron 
hood 5 feet by 4^ feet by 1 1 feet high, which is connected with 
flues and dust chambers. Through these a strong current of 
air is drawn by means of a fan, which also forces the furnace 
gases first through sheet-iron cooling pipes and then through 
a series of woollen bags, in which practically the whole of the 
fume is deposited as a fine blue powder. The arrangement of 
the bag and of the bag house is similar to that of the paint room 
for refined fume subsequently figured and described. 

Along the front of each furnace is an iron apron or workplate, 
.and the lead overflows from one corner of the hearth into a 





Air Box(invmrted) 



I 1 tli- 



' T \ 



TrsnMvart* section Bhowing Tuyerem- 

Figs. 22-25.— The Jumbo, Double, or Mofifet Hearth. 

casting pot (not shown in the figures), set.in a 03 linder 31 inches 
diameter and 44 inches deep, and kept hot by a small fire of 
wood. The molten lead is drawn oif by a pipe and stopcock 
into a I'ow of moulds placed on a truck below, the pigs of lead 
weighing 84 lbs. each. The fuel is inferior bituminous coal, 
the consumption being 8 per cent, of the ore, and the quicklime 
used is about 2 per cent, of the ore. Each fire is worked by 
two men on each eiarht hours' shift, so that there are twelve 
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smelters required for the whole furnace in twenty-four hours. 
The daily capacity depends chiefly upon the endurance of the 
men, and varies from 24 short tons (of 2000 lbs.) in summer to 
30 short tons in winter. About 68 per cent, of the lead present 
is converted at once to metal, 22 per cent, going into the slag, 
and, owing to the hot blast, no less than 10 per cent, is converted 
into fume; the loss in condensing this fume by the bag process 
employed is practically nil. 

The furnace is worked as follows* : — After throwing on a 
charge the fire remains undisturbed for one to one and a-half 
minutes, during which time lead is reduced and the mass becomes 
crusted over on top. One of the two smelters then plunges 
a pointed bar into the melted lead at one end of the fire, and 
using the edge of the trough as a fulcrum prises up the mass, 
raising up cakes of slag and letting down undecomposed ore and 
fuel. In this way he works right to the other end of the fire, 
while the second man, following with a long-handled shovel, 
picks out the lumps of glowing fuming slag, which are first laid 
on the workplate to drain, and then tossed into a water box 
to cool. When the fire has been worked through by the first 
smelter with a pointed bar he takes the shovel, while the second 
man works through the fire again with a broad paddle. They 
then both use shovels to pick out as much slag as can be seen, 
after which they scatter over the fire a new charge, consisting of 
two shovelfuls of coal and five or six shovelfuls of ore previously 
mixed with about 2 per cent, of lime. The operation of working 
and charging takes about two minutes, and the interval of rest 
between each operation is about one and a-half minutes. During 
this interval the tools are left resting on the workplate with 
their handles in swing hooks, while the ore oxidises and is 
reduced to metal. As already mentioned, 68 per cent, of the 
lead present is obtained directly in pigs, and as the ores contain 
usually about 73 per cent., this amounts to about one-half the 
weight of ore treated. Most of the zinc in the mineral goes into 
the slag together with 22 per cent, of the lead. 

It is obvious that the working of the Moffet hearth is cheaper 
than that of any other form of hearth, but unless it is intended 
to make pigment (which can only be successful under exceptional 
circumstances, the market being limited) the ordinary hearth is 
more advantageous, as it treats in proportion to its size almost 
as much ore, and yields a larger proportion of lead as pigs. 

Comparison between Reverberatory and HeartlL 
Methods. — The advantages of hearths over reverberatories 
are : — (1) Smaller consumption of fuel for given capacity ; (2) 
less first cost and greater facility for repairs ; and (3) convenience 
which they ofier for interrupted work and short campaigns. 
Their disadvantages are: — (1) Necessity of machinery for pro- 
* Dewey, loc. cit, , p. 682. 
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ducing a blast ; (2) larger amount of labour required and its 
comparatively skilled nature ; (3) greater liability of the men 
to lead poisoning ; and (4) much higher volatilisation losses. 
It will be obvious that the hearth process is most suitable in 
out-of-the-way places, where labour is cheap and fuel dear, 
especially if water power can be obtained for the blast, and 
where the supply of ores is irregular ; it is only under very 
exceptional circumstances to be recommended in localities of 
cheap fuel, dear labour, and regular ore supply. Galenas rich 
in silver should never be treated by the hearth process, as the 
losses by volatilisation are so high ; at Bleiberg (Carinthia) the 
average loss of lead was found to be 2 per cent, higher than in 
the Carinthian furnace. 

Treatment of Bye-producta. — The bye-products of the ore 
hearth differ in no marked degree from those of the reverberatory, 
they are two — viz., grey slag and fume. The former, like the 
reverberatory grey slag, always contains a large proportion of 
metallic lead mechanically intermixed with the mass of silicates, 
sulphates, and oxides forming the true slag. Both products are 
commonly smelted together in a hearth or low blast furnace 
provided with a firebrick lining, brasque bottom, and external 
iron crucible or kettle, and blown by means of one or two tuyeres 
at the back. The products are an impure lead, "slag lead," 
which is hard even after poling, a very dark " black slag," which 
is thrown away, and a good deal of fume, most of which is 
generally lost. The old English slag hearth is well described by 
Percy* ; but as this appliance has been mostly replaced by more 
modern cupolas and blast furnaces similar to those employed in 
smelting low grade lead ores (v. Chap, viii.) it is unnecessary 
to enter into details here. 

The Lewis and Bartlett Bag Process. 

This process, which is in use at the Lone Elm Works of the 
Picher Sublimed Lead Company, and also at those of the Bristol 
Sublimed Lead Company, is peculiar in its aim to produce as 
much fume as possible ; by the use of special fume filtering 
apparatus, and by taking special precautions in the smelting, 
more than one-half of the lead contained in the grey slag and 
flue dust from the ore hearths is worked up into a fine white 
pigment. The fine flue dust and fume "blue-powder" from the 
ore hearths, owing partly to the carbonaceous and bituminous 
matter and partly to the finely-divided metallic sulphides con- 
tained in them, burn readily when piled in heaps on the ground 
and ignited by means of oiled waste, and after a few hours' 
smouldering are converted into a mass of pinkish-white crusts. 
Analyses of raw and roasted " blue powder," as well as of flue 

* Metallurgy of Lead, pp. 413-417. 
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dust from the first dust chamber and of grey slag from the 
Moffet hearth, are given in Table XI. The grey slag contains 
21 '45 per cent, of metallic lead which stays on a 60-mesh sieve, 
and the, remaining portion, according to the analysis given in the 
Table, contains 47-45 per cent, of lead in combination, making a 
total of 5871 per cent, in all. 

The modified slag hearth or " slag-eye furnace," in which the 
grey slags and blue powder are worked up together, is 2 feet 
square by 6 feet high altogether, the distance from lower 
tuyeres to the charging door being only 2 feet 3 inches, and the 
charging door 4 feet from the ground. Its construction will be 
understood by reference to Figs. 26 and 27.* Blast is supplied 
by means of eleven 1| in. tuyeres passing through water-boxes; 
four of them are at the bottom for fusion and reduction, the 
remaining seven being only a few inches below the charging 
door in order to secure as much volatilisation as possible. The 
furnace is kept filled to the charging door with a bed of glowing 
coke, upon which the charges are spread. All the bye-products 

of the ore hearth are treated 
in this furnace together with 
a small amount of oxidised ore. 
An average daily charge for 
one furnace is made up as 
follows :— Grey slag, 2800 lbs. ; 
"blue powder," 1000 lbs.; "dry 
bone " (oxidised lead and zinc 
ores), 600 lbs. ; half refined 
blue powder from cooling pipes, 
450 lbs. 

The object being to volatilise 
lead rather than to reduce it, 

Z' Blast pipe 





Section through upper- bxyrrws 

Figs. 26 and 27. — Lewis and Bartlett Process — Slag yJeartli. 

the top of the furnace is run so as to keep the tlue nearly red hot. 
It is found that a hot flue is necessary for the production of a 
good white colour in the pigment, and with the same object only 
hard Connelsville coal is used as fuel. The waste heat in the 

* Dewey, Tram. A.I.M.E., vol. xvlii., pp. 68,3 and 689 ; lately this fur- 
nace has been improved by replacing its brick walls with water-jackets. 



LEAD BMELTINO IN HBARTHS. 



71 



furnace gases is made use of in order to heat the blast, which 
also assists in volatilising lead. In spite of all endeavours a 
considerable proportion of lead is, liowever, reduced, and this, 
together with the poor "black" slag formed, finds its way 
through a hole in a "tap-plate" at the bottom into an iron "lead 
basin " with two unequal compartments, the larger being filled 
with charcoal. The slag flows over the charcoal into the " slag 
basin " placed below, through which a stream of water flows, 
while the lead filtering through the charcoal passes under the, 
partition into the smaller compartment, whence it is ladled into, 
moulds. This lead is of very inferior quality, and has to be 
remelted and poled to fit it for sale ; about 13 pigs, or 1100 lbs., 
are produced on an average daily. The slag is nearly black, and, 
though still carrying a fair percentage of lead, is thrown away, 
except a small proportion wliicli is thrown into the furnace 
against badly corroded places in the walls as a partial protection.* 
Dewey gives an analysis showing 23 per cent, of PbO in this 
slag, but it is reported to contain under 10 per cent, now.f 

The furnace is started by lighting a fire on the bottom and 
filling the shaft with charcoal free from breeze, after which a 
light blast is started ; when the charcoal is glowing, ». thick bed 
of coke is charged and the full 
pressure of blast (9 ozs. ) turned on. 
As soon as this is thoroughly ignited 
on top the ordinary charge is given, 
each charge consisting first of a 
bed of coke, distributed chiefly to- 
wards the front and centre of the 
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Figs. 28-30. — Lewis & Bartlett Process — Coolers. 

shaft, then of slag which is heaped against the back and sides so 
as to protect them somewhat, and, lastly, the blue powder. Two 
men attend the furnace on each 8-hour shift, one to feed, and 
one to ladle lead and wheel slag. 

A Baker blower (No. 5) supplies air through an 18-inch main 

" r. Note on previous page as to use of water-jackets. 
+ E. and M. J., Dec. 8, 1894. 



72 



THE METALLURGY OF LEAD. 



to^jthree of these "slag-eye" furnaces, two of which are run 
together, the third being in reserve. From the flue a fan (6 feet 
diameter and 3 feet face), run at 290 revolutions per minute, 
draws the fumes and gases, first, through a pair of iron cylinders 
7 feet diameter and 20 feet high, lined with firebrick, through 
which the 18-inch blast main, temporarily enlarged to 3 feet, 
passes in order to heat the blast, and, secondly, through a series 
of four inverted U pipes, 3i feet diameter and 20 feet high, set 
in brickwork and exposed to the air. These cooling arrange- 
ments are shown in plan and elevation in Figs. 28, 29, and 30. 
Some fume settles out in the pipes, but it is of poor colour and 




Kig, 31. — Lewis & Bartlett Process — Filter. 

is therefore returned to the furnace. After passing through the 
cooling pipes the fumes enter the white bag room, or "paint 
house," which is 90 feet by 40 feet by 45 feet high in two storeys 
with a boarded floor, the arrangement of which may be seen 
from Fig. 31. There are three rows of hoppers, nine in each 
row, and above each hopper are suspended twenty bags of coarse 
flannel made from unsecured wool, 20 inches in diameter and 35 
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feet long, costing $9 apiece, and tied over nipples projecting from 
the top of the hopper. The bags are suspended from the rafters, 
the hoppers and flues are also suspended by means of iron straps 
from a skeleton flooring of IJ-inch pipe laid 2 feet apart across 
a framework of 2|-inch pipe, which is itself supported by 
eighteen columns of 3^-inch pipe. Each bag has 168 square 
feet surface, so that the flltering surface of the whole 540 bags is 
88,704 square feet. 

The paint from different parts of the room is of about the same 
quality, and has good body and colour. It is packed in barrels 
holding 500 lbs. each, and sells at a slightly higher price per lb. 
than pig lead, 1 lb. of which makes 1 -6 lbs. of paint. The daily 
product of each furnace is about 4250 lbs. 

Analyses of the white paint as well as of the various inter- 
mediate products of the process are given in the following 
table : — 
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"^ From Dewey, loc. cit. 
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CHAPTER VI. 
THE ROASTING OF LEAD ORES. 

The Roast-Keduetion Process. — The roast and reduction pro- 
cess is adapted to the treatment of ores with any kind of metallic 
and non-metallic admixture, siliceous ores, and those containing 
arsenic and antimony being always treated in this way. It 
comprises the separate operations of roasting and smelting. 

In the roasting process as much as possible of the arsenic, 
antimony, and sulphur are driven oif, and the lead is, as far as 
possible, converted into oxide. Some lead sulphate is unavoid- 
ably formed, but its amount is usually kept to the lowest 
attainable limit, since, in the ordinary reducing smelting, it 
would be reduced to sulphide. In many cases, towards the end 
of the operation, the temperature is raised in order that the 
silica may react upon the sulphate, forming silicate, and at the 
same time partially fusing the material so as better to fit it for 
smelting. 

In the ordinary smelting ))rocess conducted in blast furnaces 
("cupolas" or "stacks"), the lead is reduced from its oxide, 
partly by means of carbonic oxide, but chiefly by direct contact 
with masses of glowing, porous fuel (coke or charcoal). Such 
lead sulphide as may remain in the roasted ore or become reduced 
from the sulphate is also decomposed by the action of iron reduced 
from its oxide, the lead being liberated while the sulphur forms 
an iron matte. Other metallic constituents of the ore, except 
gold and silver, which are collected in the lead, pass either into 
the slag or the matte or become volatilised. 

Ores may be roasted in lump form or as fines. All classes of 
ore were formerly roasted in lump form, but the method has been 
quite superseded as regards ores in which lead is the predomi- 
nant constituent, and is now only employed for highly pyritic 
ores, which roast very well in large lumps. 

Reactions of the Roasting Process.* — The commonest class 
of lead ore is a more or less finely pulverised mixture containing 
besides galena, varying proportions of blende, pyrites, chalco- 
pyrite, quartz, and other gangue materials. 

The reactions which take place in roasting such mixtures are 
as follows : — • 

The first action, as the temperature of the charge rises, is the 
distillation of about one-third of the sulphur in the pyrites, which 

• V. Roberts- Austen, Prea. Address, Brit. Assoc. Meeting at Cardiff, 1891 ; 
also Rose, Metallurgy of Gold, in this series, pp. 216-220. 
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TABLE XIT. — Analyses of Complex Lead Sulphide Ouks. 
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Notes. — 1, 4, 5 are mixtures of ore and concentrates ; 6 and 7 are natural 
ores which have to be concentrated before roasting. 

Eeferenres. — 1. E. and M. J., July 16, 1892. 2. Hofman, Metallurgy 
oj Lead, p. 167. 3. Schnabel, Handbuch der Metallhilttenkimde, vol. 1., p. 
389. 4. E. and M. J., Oct. 21, 1893. 5. Schnabel, op. cit., p. 393. 
6. Taylor and Brunton, E. and J/. /., May 8, 1SS6. 7 and 8. Autlxir. 

burns with a blue flame to SO.,, part of which again in contact with 
oxygen and with the hot porous charge and furnace brickwork 
is converted into SO3. The next action is the successive oxida- 
tion of the metallic sulphides by the current of hot air, approxi- 
mately in the following order, FegS^, CiiFeS.,, AggS, CugS, PbS, 
ZnS. Of these, silver sulphide is soon reduced to metal, and 
would remain so if it occurred alone, but the presence of much 
base metal sulphides and excess of free SO3 enables it to be con- 
verted into sulphate ; iron and copper sulphides are converted, 
in the first instance, into sulphates, lead and zinc, sulphides 
chiefly into oxides, free SO.^ in the vapours reconverting part of 
the oxides into sulphates. 

* This is not silica, but a mixture of silicatea, including rhodonite, garnet, 
felspar, &o., as well as quartz. 
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This process of oxidation is not continuous, except in a strong 
draught, for as soon as the sulphurous acid reaches a certain 
tension chemical equilibrium is established and the oxidation is 
arrested, even in presence of an excess of oxygen, unless the 
temperature be raised considerably. 

Besides a temperature which should be easily controlled, 
efficient oxidising roasting, therefore, requires abundant access 
of air to the hot ore and rapid removal of the products of 
combustion. If the temperature be kept moderately high, and 
the draught and supply of air low, most of the lead and zinc 
will be converted into sulphates, partly by direct action of SOj 
and O, partly by the SO3 evolved from decomposing iron 
sulphates The temperature must, in any case, be well under 
control, for, if raised too suddenly, portions of the ore will 
undergo incipient fusion, and particles of unaltered sulphides 
be protected by an envelope impervious to the further action of 
the gases. 

As the temperature rises, and before the oxidation of the 
sulphides is complete, the sulphates formed begin to dissociate 
in the following order— Fe2(SO^)3 FeSO^, CuSO^, Ag,,SO^, 
ZnSO^. Iron and copper sulphates give o£f, at first, SO3, and, 
afterwards, S0„ and O ; silver sulphate remains undecomposed 
until all the iron and nearly all the copper sulphates have been 
decomposed, when it in turn breaks up into metallic silver, 
oxygen, and SOg ; zinc sulphate is nearly unchanged in simple 
roasting, giving off only part of its SO3 at a fall red heat, the 
basic sulphate remaining not being decomposable under a bright 
yellow heat. Lead sulphate is unaltered. 

Among gangue substances quartz and harytes remain un- 
altered, chalyhite is converted into magnetic oxide, and calcite 
into calcium sulphate. 

As regards removal of the deleterious substances, arsenic and 
n7itimoii,y, it may be remarked that mispickel (FeSAs) is pretty 
thoroughly decomposed, the greater part of its arsenic being 
volatilised direct as AsjSj, which is oxidised into AsoOj and SOj 
by the current of hot gases, the remainder being oxidised direct 
to As.iOg at a low temperature in presence of a good draught. 

Most sulph-antimonides and sulph-arsenides (e.g., fahlerz, 
bournonite, &c.), like mispickel, give up the greater part of 
their arsenic (antimony) as As2Sg(Sb2S3), which are at once 
oxidised to As,20g(Sb203) and SOj. Another portion of the 
arsenic (or antimony) is converted into arseniates (or antinioni- 
ates), which resist the effects of simple heating. These com- 
pounds are, however, reduced in contact with metallic sulphides, 
especially with free pyrites, and, therefore, on rabbling the 
arseniate (or antimoniate) formed in the oxidised surface crust 
gets turned over into the bottom layer of the ore, where there is 
more or less free sulphur, and is re- volatilised to the surface as 
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As2S3(Sb2S3), SO that it gets another chance of escape. Enargite, 
however, is only partially decomposed, most of the arsenic 
remaining behind as arseniate. It is noteworthy that, whei-eas 
the ferric arseniate produced in small quantity by the oxidation 
of mispickel is comparatively easily decomposed by means of 
heat and reducing agents (carbon or sulphur), cupric arseniate 
formed by partial oxidation of enargite is most obstinate in 
resisting decomposition ; in fact, according to Pearse,* scarcely 
any of the arsenic of enargite can be driven off by roasting, even 
when assisted by the subsequent rabbling in of fine coal. 

Simple arsenides and antimonides {e.g., smaltite, domeykite,. 
dyscrasite) are much more diflS.cult to decompose, by far the 
larger part of their arsenic remaining as stable arseniates and 
antimoniates of the metals present (iron, copper, and silver). 
Such minerals, therefore, like the sulph-arsenides, should, when- 
ever possible, be roasted together with an excess of sulphides, 
such as pyrites ; use is also made of this reaction of sulphur 
upon combined arsenic in the treatment of arsenical furnace 
products. 

That a large part of the antimony, as well as arsenic, which 
is expelled from antimonial and arsenical ores during roasting 
escapes as sulphide is proved by the fact, noted by Wendt,t 
that in kiln roasting lump ore, crystals of artificial stibnite, as 
well as of orpiment, were found in the flues and on the upper 
and cooler portions of the charge. The occurrence of orpiment 
and realgar on the upper surface of roast heaps is a matter of 
every day observation. 

Sinter and Slag Roasting. — When at the end of the roasting 
proper the temperature is suddenly raised so as to agglomerate 
or fuse the charge, the lead sulphate formed during roasting is 
decomposed by means of silica (either already present in the ore 
or added, if necessary, in the form of more siliceous ores) ; for, 
although lead sulphate is practically unaltered at the tempera- 
ture reached in the furnace, free silica drives out the sulphuric 
acid in accordance with the equation — 

PbSOi + SiOa = PbO . SiOj + SO3. 
Even when the temperature does not rise high enougli to de- 
compose lead sulphate, there is more or less combination 
between silica and lead oxide, so that the mass begins to soften 
and agglomerate without actual fusion. At the temperature of 
fusion calcium and barium sulphates in the roasted ore are also 
partially converted into silicates, as well as iron oxides to a 
greater or less extent, according to the perfection of the fusion. 
Zinc is to a small extent volatilised, but is mostly melted down, 
with the oxides of iron and lead, into a very fusible double 
silicate. 

• Trans. A.I.M.E., vol. xviii., p. 62. i Ibid., vol. xix., p. 100. 
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The final.result of the combined roasting and melting process 
is a fluid or pasty mixture of oxides and silicates never quite 
free from sulphides, which is tapped out into iron moulds, and, 
after being broken up, forms a material better suited to blast 
furnace treatment than the fine powder resulting from plain 
roasting. 

The difference in the condition of a blast furnace resulting 
from the use of slagged or sintered sulphide ores, instead of tlie 
plain roasted fines, is remarkable. Much greater regularity in 
working is accompanied by much more rapid smelting, and by a 
smaller coke consumption, while the losses in slags and flue dust 
are much diminished, and the percentage of sulphur being much 
less, the amount of matte produced is smaller. In view of these 
advantages, "slagging" or fusion would be universally adopted 
in place of simple roasting (in spite of its greater cost both for 
fuel and labour), but for the heavy volatilisation losses involved. 
According to Newhouse,* the average loss in plain roasting 
silver-bearing lead ores containing 12 to 18 percent, lead is from 
2 to 5 per cent, of the lead and hardly any of the silver, while 
infusing down the same ore the loss is increased to 15 or 20 per 
cent, of the lead and 2 to 3 per cent, of the silver. The lead 
loss in simple roasting at a low temperature is chiefly as fine 
■dust mechanically carried ofi^ by the draught and recoverable in 
suitable flues and settling chambers, while the loss in the fusion 
process is as a true fume, very little of which is recovered in 
■ordinary flues. The losses in slightly "sintering" or "agglomer- 
ating " are not very much higher than in plain roasting, therefore 
rich lead ores should be only "sintered," never "slagged." With 
ores rich in lead the ags^lomeration need not be carried very far, 
a very slight rise in temperature above that normally employed 
giving the material suSioient plasticity to enable the furnacemen, 
by dint of ramming it into the slag i)ots as drawn, to produce 
coherent masses, which only partially break up before charging, 
and are, therefore, much less liable to furnace losses than mere 
powder. According to Hofman,t only sucli ores should be 
slagged as contain under 10 per cent, of lead and 100 ozs. of 
silver per ton. The general feeling among metallurgists at 
present is to fix the limit of silver for fusion very much lower, 
say at about 30 or 40 ozs., and of late years the method has 
dropped very much out of use. 

As a general rule, it may be said that as much ore as possible 
should be plain roasted, only sufiicient being sintered to keep 
the furnace open. The different modes of roasting should be 
«mployed as follows : — 

Plain [and slightly agglmnerating) roasting, for all simple 

* E. and 31. J., Feb. 28, 1891. 

+ DiBousBion on "American Improvements, &e.,'' Trans. A.I.M.E., vol. 
xxii., p," 657. 
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galenas, as well as for all mixed ores, when rich either in lead 
or in silver, or both. 

Sinter- and slag-roasting, for pyritic, arsenical, antimonial, 
and blendiferous ores poor both in lead and silver ; pyrites and 
inispickel concentrates carrying gold, (fee, quartzose gold ores 
when obtainable forming a convenient flux. 

When the ores to be fused contain less than 10 or 15 per 
cent, lead, the charges have to be roughly calculated, so as to 
contain silica and iron in suitable proportions to form a fusible 
slag. This is readily done, as almost every large smelting works 
treating custom ores will have both pyritic and quartzose ores 
at command. Lime is rarely added to a charge in the fusion 
hearth, as suflaciently good slags can always be made with iron 
alone and whatever lead or zinc may be present. 

As to the rajMity of roasting, the richer tiie ore in lead the 
slower must be the roast, and the lower the temperature at the 
fire end of the furnace throughout the entire operation. 

Boasting Appliances. — Examples of all the following arc in 
use at different localities for the roasting of lead ores — viz., 
heaps, stalls, kilns, reverberatory furnaces, and shaft and muffle 
furnaces. 

ROASTING OF LUMP ORES. 

Heap roasting is only applicable to lump ores. Fines may 
be employed in certain proportions as a covering, but if it is 
wished to use them in large proportion they must be " bricked " 
or "balled" with an admixture of lime or of waste liquors con- 
taining ferrous sulphate. A single roasting in heaps is usually 
not sufficient, and, as a rule, several roastings are required. 

In the heap roasting of mixed ores there is always a tendency 
for the copper (and, according to Vogt, for cobalt and nickel 
also) to become concentrated in a " kernel," which resembles in 
composition a copper matte of 7 to 50 per cent.* According to 
Plattner,t when the roasting proceeds very slowly silver and 
lead exhibit a well marked tendency to pass towards the outside 
of the lump ; for example, in a well roasted piece of heap-roasted 
iron-lead matte the central kernel contained only 5-2 per cent. 
Pb and 0-075 per cent. Ag, whereas the outer envelope contained 
17-2 per cent. Pb and 230 per cent. Ag. This is confirmed by 
the fact that films of metallic silver have been not infrequently 
found on the outside of lumps of calcined ore, where, no doubt, 
they had been deposited by the decomposition of some volatile 
compound of the metal. When, however, the roasting proceeds 
.quickly, so that the temperature rises to the fusing point of a 
low grade matte, copper, lead, and silver are all concentrated 

*!■. Peters, Modem Copper Smelting, 7th Ed., 1895, p. 134; also 
Schnabel, Haiidh. der MekUlhiUtenkimde, vol. 1., p. 36. 
t Die MetcUlurgischen ROstprozease, Freiberg, 1856, p. 205. 
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indiscriminately by a sort of liquation process into a low grade 
matte which is found in the lower portions of the pile. 

At Goslar (Lower Harz) heap roasting is still practised on 
the pyritic ores from the Rammelsberg, which carry blende 
and barytes, but are too poor in lead and silver for the more 
costly roasting in reverberatories. The ore is composed roughly 
as follows : — 
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The floor of the roast yard is formed of well tamped clay, 
upon which is spread a layer of roasted fines. The heaps hold 
300 to 500 tons each, and are built up on a square bed of logs 
and brushwood 16 to 20 inches thick and 33 to 40 feet in the 
side, I hannels being left for the air currents. Upon this bed is 
spread, first, the coarsest ore, which comprises the chief part of 
the heap ; then, successively, the pieces of fist, egg and nut 
size ; and, lastly, a layer of raw fines. The heap is then covered 
with a layer of sifted once-roasted fines, and forms a truncated 
pyramid on a square base 36 to 40 feet square at bottom and, 
say, 12 feet square at top. When ready, it is lit on the side 
opposite to the wind. In this way, since the air can only enter 
through the channels left in the bed of fuel, during its passage 
through the lower part of the heap it becomes deprived of its 
oxygen, so that the hot gases which reach the upper part of the 
heap are composed principally of nitrogen and sulphurous acid. 
These gases volatilise from the pyrites a part of its sulphur, 
which condenses in a liquid form in bowl-shaped depressions 
about 8 inches across formed in the upper part of the heap and 
lined with ore tines, from which it is from time to time removed. 
The first sulphur appears fourteen days after lighting the heap. 

The first roasting lasts from six to seven months, after which 
the coarse ore is screened from the fines (which are leached for 
zinc vitriol* and then smelted) and subjected to a second and 
even a third similar roasting conducted under sheds to protect 
it from the weather and from high winds. The second roasting 
lasts six to eight weeks, the third from four to six weeks. The 
coarse well roasted ore is then smelted f together with the 
leached fines. 

The roasting of 100 tons of ore requires altogether 13-9 cubic 
metres (3'8 cords) of billet wood and 212 faggots of brushwood. 
It will be readily understood that in the foregoing complicated 

* V. Chap. xiv. t v. Chap. xi. 
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series of operations there is great danger of losing lead and 
silver in fine ore dust mechanically carried away by the wind, 
&c., especially as, in the roasting process, silver appears to 
become concentrated in the outermost thoroughly calcined shell 
of each lump of ore, where it is most liable to loss by abrasion, 
&c. — the exact opposite being the case with copper. 

At Sunny Corner (N. S. Wales) a complex ore, composed 
chiefly of pyrites, quartz, and blende, with 6 to 10 per cent, of 
galena and 3 to 4 per cent, of chalcopyrite, is roasted in heaps 
of from 800 to 2000 tons. No care is taken to separatts the 
fines from the coarse ore by screening, but an even bed of wood 
is loosely laid in chequer work about 15 to 18 inches high, and 
upon this is piled, first, a layer of large lumps of ore, and, 
afterwards, the " run of mine " ore as trammed direct from 
underground. The heap is built from a tram line about the 
level of its top by means of iron-turning plates and movable 
sections of track as described by Peters. Every few yards 
upright logs of wood are inserted into the roast bed, which, 
soon igniting and burning away, form chimneys for ensuring 
a good ventilation in the pile. The quantity of wood used for 
each ton of ore is very slight, and its cost but a few pence per 
ton, as, with this very pyritic ore, wood is only required for 
ignition purposes, and the ore once ignited burns readily and 
thoroughly. A heap of ore can be thoroughly burnt out in 
about two to three months if left alone, but by commencing to 
remove the burnt ore as soon as the outer fringe is properly 
roasted, the whole heap can be burnt out and removed in a 
month when not over 7 or 8 feet high. 

Stall Boasting. — Roasting in stalls is very similar to heap 
roasting, except that on account of the steadier draught the 
process goes on somewhat quicker ; and that a portion of the 
fumes is frequently drawn off through the back wall of the stall 
and discharged into the air through a high chimney. A very 
convenient form of stall for this purpose is that figured below, 
and commonly used in many places for roasting copper as well 
as lead ores. 

The Wellner stalls used at Freiberg have a sloping bottom, 
and require no "roast bed" of wood. They can be used either 
with or without chimney draught, and are built in pairs, sloping 
up towards a common centre. Each of the four short sides of 
the double stall contains four small arched fireplaces, starting 
from each of which is an arched channel built of large lumps of 
ore selected out as the stall is being filled ; through these the 
products of combustion and the roast-gases can find their way 
to the central portion of the stall and thence upwards. When 
the stall is filled, these fireplaces are kept going only until the 
outer edge of the layer of ore is thoroughly ignited, after which 
no further fuel is required. If part of the ore has to be re- 

6 
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roasted, only one side of the double stall is filled and lit, the 
other being reserved for the re-roasting, The length of each 
half stall is 8 to 10 feet, and the width 10 to 12 feet across the 
four fireplaces. 



10 

I 




Figs. 32 and 33.—" Wellner" Stall for Roasting. 

The only advantage of stalls of this kind is that any kind of 
cheap inferior fuel can be used in them ; they are, however, 
awkward and expensive to fill and empty, especially when wood 
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of any kind is very scarce ; they are only in use for lead ores 
at a few out-of-the-way places. The form of stall here figured, 
however, is of very wide application, one of its special advantages 
being the air passage, a, in each of the division walls communi- 
cating with the open air, by which means the ore in each stall 
is virtually exposed to the air (through the openings, b, b) on 
both sides as well as on the front, and not on the front only as 
in the old pattern of stall. 

Kiln Boasting. — Kiln roasting is only employed when the 
roast gases produced from pyritous lead ores can be usefully 
made into sulphuric acid, or when they must be rendered 
innocuous to the surrounding country. The ores treated must 



Fig.35 




Figs. 34 and 35.— Freiberg Kiln. 

be poor in lead, or it is impossible to prevent them from 
sintering. 

Kiln roasting requires no fuel, as, once started, the necessary 
heat is supplied by combustion of the sulphur ; skilled labour is, 
however, indispensable, and the roasting with leady ores is so 
imperfect that it must be followed by a re-roasting of the lump 
ore in heaps, and qf the smalls in reverberatory furnaces. Or- 
dinary pyrites burners are unsuitable for ores containing much 
galena, as the column of ore is too low to give the requisite 
temperature. 

Lead ores containing much pyrites are successfully roasted in 
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kilns at Oker (Harz) and at Freiberg. The construction of 
those at the latter place is shown in Figs. 34 and 35. S is the 
shaft of the kiln, 9J feet high, 7^ feet long, and 4 feet 3 inches 
wide. It is filled with ore through an opening in the arch by- 
means of a hopper closed by a sliding door, or, better, by means 
of a cone and bell. The ore falls upon the pierced saddle grate, 
G, and is ignited through the ashpit doors, A, through which 
also the supply of air is regulated. The roast-gases are led off 
through a flue, F, in the back wall into a main flue, which is 
common to the whole system of kilns, and communicates with 
the sulphuric acid works. The roasted ore is raked out through 
the discharging doors, D, and the descent of the column is regu- 
lated by means of the working doors, W, through which bars 
can be driven into the charge to loosen it and break up half- 
fused masses. Each kiln turns out H tons of roasted ore per 
twenty-four hours. 

At Oker similar kilns, arranged in groups of five, communi- 
cating with each other under the arch, are used for roasting 
mixed copper and lead ores. The kilns are somewhat higher 
than those at Freiberg, being 13 feet high by 7 feet 6 inches 
long and 4 feet wide, and the charge per division varies from 
1'4 up to 2 tons per twenty -four hours. Clean pyritous copper 
ores are so well roasted in these kilns as to leave barely enough 
sulphur to form matte with the copper ; but the leady or mixed 
ores averaging blende 25 per cent., pyrites 25 per cent., chalco- 
pyrites 15 per cent., galena 14 per cent., heavy spar 11 per cent., 
and other gangue 7 per cent., and of which 1'8 to 2 tons are 
charged per twenty-four hours, cannot be sufficiently desulphur- 
ised at one roasting. They are, therefore, re-roasted twice in 
heaps to fit them for smelting. 

Comparison between Different Systems of Boasting^ 
Lump Ore. — The following table shows at a glance the ad- 
vantages and disadvantages possessed by heaps, stalls, and 
kilns respectively : — 

stalls. Kilns. 



Cost of erection and repairs, . Nil, Medium, High, 

Cost of working labour, . . About equal in quantity. 

„ ,, fuel, . . High, Medium, Almost mV. 

Perfection of roast with ordin- 1 p f Better than Worse than 

ary leady ores, . . .J ''°'^' \ heaps, heaps. 

Utilisation of roast gases, . Ml, Partial. Almost com- 

^ d"usting°ind leachingl'T' ^^. \ C^'-^^test, Intermediate, Least. 

It is, of course, understood that only the coarser parts of 
ores which are rich in pyrites can be at all advantageously 
roasted in lump form. Such ores, however, which are usually 
roasted in heaps, can frequently be handled to greater advantage 
in stalls or kilns. In many cases the value of the sulphuric acid 
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produced by condensation of the roast-gases added to the amount 
of compensation for damage to crops, &c., saved by preventing 
the escape of the fumes will more than pay interest and wear 
and tear on a complete plant of kilns and acid chambers ; again, 
in other cases, the arsenic contained in the ore will pay a good 
interest on the cost of kilns and settling flues, even if the whole 
of the sulphurous and sulphuric acids in the roast gases be 
allowed to escape, while in cases where none of these bye- 
products can be advantageously utilised or rendered marketable, 
and when the surrounding country is barren, simple heap-roasting 
is often the cheapest and best system, even when it has to be 
repeated on part of the ore. 



ROASTING OF PINE ORES. 

The greater part of the lead ore received by any smelting 
establishment is in a more or less fine condition, whether in the 
form of natural smalls from the mines or, as is more common, of 
concentrates from dressing works, which may vary from bean 
size jig concentrates down to the finest dust from revolving 
tables and other slime machines. The variety of appliances 
which have been used for roasting fine ores is very great ; they 
may be described as reverberatory, cylinder, muifle, and shaft 
furnaces, examples of all of which will be described in the volume 
of this series on the Metallurgy of Copper. 

The roasting of lead ores presents, however, much more diffi- 
culty than that of copper ores, since they are so much more 
fusible, while it is often complicated by the presence of large 
amounts of blende, one of the most difficult of all metallic sul- 
phides to thoroughly oxidise. Some of the roasting furnaces 
which have been most successful on pyritic copper ores have 
proved quite unsuitable to the roasting of ordinary galena ores 
carrying blende, while other forms of furnace are so obviously 
unsuitable that they have not been even tried. 

The furnace which has been most uniformly successful in 
roasting lead ores is the old-fashioned long hearth reverberatory, 
which, though not economical of fuel or of labour, is adapted 
to ores carrying any proportions of galena or of pyrites. 

In all cases the reverberatory hearth is connected with a 
system of flues and condensing chambers in order to catch the 
particles of ore mechanically carried over by the draught, 
together with some lead Tolatilised in the metallic condition 
through the reaction of PbO and PbSO^ on PbS in the hottest 
part of the furnace, and a still larger amount of PbS* there 
volatilised. 

* Lead sulphide being far more volatile than the metal itself, its oxide or 
sulphate. 
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EEVERBEEATORY FURNACES. 



The old style of reverberatory furnace with a single hearth, 
on which the charge was spread evenly for roasting and from 
which it was raked at the end of the operation, is now almost 
extinct (except, perhaps, in Wales), as it is not only of small 
capacity, but is extremely wasteful of fuel. 

Double Hearth Reverberatories having the hearths super- 
posed ("double bedded calciners") are still to be found at 
Mechernich and one or two other works in Germany and in 
England, but have been generally abandoned elsewhere on 
account of the heavy labour required to work the charge on the 
upper hearth by means of movable platforms on which the men 
stand, and of the difficulty of getting at the lower hearth and 
arch for effecting repairs when necessary. The saving in fuel 
eflFected by the superposition of hearths, though real enough, is, 
in most cases, insufficient to compensate for the above disadvan- 
tages. Beyond this and a slight saving in first cost, the chief 
advantage of the " double bedded calciner " is the economy of 
space in old metallurgical works where there is not room to erect 
new furnaces of the long type. 

The superposed hearths of the Mechernich furnaces are very 
long, being each 50 feet long by 13 feet wide. In twenty-four 
hours, each furnace puts through 9 tons of lead ore dressed up to 
50 to 60 per cent, lead, with a consumption of 27 cwts. of coal 
(i.e., 15 per cent, by weight of the ore), the roasted ore, which is 
sintered together before being drawn, averaging only 0'6 to 0'7 
per cent, of sulphur. No such perfect roasting of lead ore is 
conducted in America, but it takes a good deal of labour, 
and would be, in most cases, far too expensive under American 
conditions. 

Other double hearth reverberatories are in use for roasting 
silver ores, and will be referred to in Part II. 

Single Long Hearth Reverberatories. — The commonest 
kind of roasting furnace is the German " Fortschaufelungsofen " 
or long hearth reverberatory, containing at the same time several 
charges in difierent stages of the process, which are successively 
raked and pushed forward as the completed charges are drawn. 

When the subsequent treatment of the roasted ore requires 
it to be in a fused or agglomerated condition, the roasting hearth 
at the firebox end terminates, either in a "sump" or depression 
in which the semi-fused mass can be collected, or, preferably, in 
a vertical channel or flue through which the roasted ore is raked 
into a separate smelting hearth or fuse box, and through which 
the flames passing over the latter ascend to the roasting hearth. 
When a separate fusebox is used, the ore is almost always made 
so fluid as to be drawn off through a spout into slag pots, and 
only if very infusible is it raked out in agglomerated cakes and 
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masses through the working doors. In America, when agglomer- 
ation of ilie ore is desired, this separate smelting hearth is almost 
invariably, while in Europe, on the other hand, the continuous 
hearth with sump is usually, employed. 

The disadvantage of the latter is that the heat cannot be so 
well concentrated, and the mass begins to soften and sinter 
together as far back as the third or fourth door from the fire- 
bridge, whicli not only increases the diflficulty of rabbling, but, 
unless the hearth is exceedingly long, results in an imperfect 
roast, particles of unaltered sulphides becoming glazed over, and 
so protected from oxidising influences. On the other hand, the 
volatilisation losses both of lead and of the precious metals are 
much less in the sump reverberatory than in the separate 
fusion hearth. The arguments for and against "sintering" and 
"slagging" respectively have been already stated in this chapter, 
and need not be repeated here. Suffice it to say that the rich 
non-ferruginous ores commonly treated in Europe are best roasted 
in the sump form of reverberatory, while the ferruginous con- 
centrates and ores which are more usually met with in America 
are best treated in that with separate fusion hearth. 

General Considerations. — The length of the hearth from flue 
to firebridge, or to the beginning of the smelting hearth, as 
the case may be, varies from about 40 feet, in the case of 
galena ores comparatively free from pyrites, up to 60 or 70 feet, 
in the case of ores containing much pyrites, half of the sulphur 
in which is available as fuel. Eeverberatory hearths have been 
constructed of much greater length than these, but it may be 
safely stated that no increase above the maximum length of 
about 70 feet is warranted, for any further trifling economy of 
fuel is more than offset by the increased labour required to 
handle the charges, the increased cost of construction resulting 
in no compensating advantage. The width of the hearth should 
be as great as possible, consistent with reasonable facility in 
handling the ore. It may be as little as 9 feet 6 inches and as 
much as 17 feet, but the capacity of the narrow hearths is much 
smaller in proportion to their cost, and modern furnaces are 
generally from 14 to 16 feet wide. Beyond 17 feet nothing 
would be gained by increasing the width, for, in the first place, 
the handling of the charge would be more difficult, and, in the 
second place, arches of much more than that span at the very 
low rise of | to f inch to the foot generally adopted would not 
be very safe under the alternate expansion and contraction 
caused by changes of temperature. 

It is of great importance to make the arch as flat as possible, 
so that the flames may be well spread out towards the sides, 
instead of travelling along in the central channel of the roof, 
and doing comparatively little work upon the ore. For the 
more com|)lete utilisation of the heat contained in the products 
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of combustion before their escape from the furnace, the arch is 
sometimes built with a slight downward inclination toward the 
iiue. The same effect, however, is much more readily produced 
by inclining the heurth upwards in the same direction, either by 
giving it a uniform gentle slope or in steps, the latter plan being 
preferred by some on account of marking off conveniently the 
area occupied by each of the separate charges. 

The arch is best constructed of firebrick throughout,* though 
it is quite usual to employ selected red brick in the part furthest 
from the fire. The actual hearth is always constructed of the 
best firebrick obtainable, so as to better resist the wear and 
tear of the tools. At the far end of the furnace the bricks are 
laid on edge (and sometimes even on the side, though this is 
really poor economy), but near the firebridge they are best laid 
on end, and, of course, the sump or fusion hearth must be so laid. 

The number of working doors is made as small as possible, so 
as to reduce both the first cost and the subsequent cooling of 
the furnace ; but if they are placed too far apart the difficulty 
of handling the charges is much increased. In practice the 
distance varies between 6 and 8 feet, the most common distance 
being from 7 feet to 7 feet 3 inches from centre to centre of 
the cast-iron door frames. The blocks of masonry between 
adjacent working doors are in modern furnaces kept as small 
as possible. The skew backs of the arch must be supported 
between the door frames, either by means of special plates cast 
with a strengthening rib ; of wrought iron I girders inserted 
behind the buck staves ; or, finally, of a sheet of boiler plate, 
say 18 inches wide by 1 inch thick. The buck staves are 
almost invariably of old rails, which are more convenient to 
obtain than I beams, though the latter are considerably 
stronger for equal weight. 

A.n essential condition of quick and economical roasting, often 
lost sight of, is the provision of a supply of heated air in close 
proximity to the surface of the ore. Merely passing an excess 
of air through the fireboxes, besides being wasteful of fuel, is 
not nearly so effective as furnishing a separate supply of fresh 
air previously heated by passage through the hollow division 
walls of the firebox, through the bridge, or even through hollow 
flue walls, and under the hearth. 

The quantity of ore put through in twenty-four hours depends 
on the percentage of sulphur expelled ; on the prevailing mineral 
accompanying the galena, whether pyrites, quartz, or blende, 
the first being the quickest and the last the slowest to roast ; 
on the efficiency of the workmen ; and on the final condition of 
the roasted product, whether pulverulent, sintered, or fused. 
The capacity of furnaces of the same area may vary in accor- 
dance with the above factors between 6 and 14 tons per day, 
* Unless they cost over three times the price of common brick. 
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the average lying between 8 and 12 tons. The consumption 
of fuel is greater than with pyritic copper ores ; if coal be used 
it varie.s between 15 and 30 per cent, of the weight of ore put 
through, averaging 20 to 25 per cent., according to the quality. 
If wood be used, the consumption may vary between two and 
four cords per day, as it may be reckoned that two cords of 
wood will be a littln more than equal to 1 ton of coal. The 
amount of labour required varies also with the composition of 
the ore and the condition of the roasted product, but, as a rule, 
three men are required to a shift, which may be either of eight 
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Figs. 36-38. — Reverberatory Furnaces — Przibrani. 

or of twelve hours, generally the former in America and 
Australia, the latter in Europe. If the roasted ore is turned 
out in a powdery condition, a capacity of 2 tons per man may 
be regarded as a reasonable maximum ; if it is to be slagged, the 
capacity is rarely, if ever, over 1^ tons per man, and may fall 
below 1 ton per man. 

Examples of Beverberatory Furnaces. — As an example 

of the long hearth reverberatory arranged for plain roasting 

without sintering that in use at Przihram may be quoted, and 

is shown in Figs. 36, 37, and 38.* In these F represents 

*From Schnabel, flandbuch der MetaUhuttenk-unde, vol. i.,p. 334. 
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the fireplace fired at both ends ; h, the bridge, built of magnesia 
brick and cooled by a long cast-iron water-box ; H is the 
hearth, 48 feet long and 10 feet 3 inches in average width, 
or equal to 12 feet 4 inches as usually measured. It will be 
noticed that the fourteen working doors, W, are not placed 
in pairs opposite each other as in the Freiberg- and most 
American furnaces, but alternating ; this arrangement much 
facilitates the even working of the charge, and is widely 
adopted in the most modern roasters. The ore is let down 
through the charging pipe, C, at the flue end of the hearth in 
charges of 1 ton each and spread out through the two doors at 
that end, being gradually worked forward towards the bridge, 
and finally, when roasted, raked through the discharging doors, 
d, into a small truck running in the first arch, a, which is 
provided with a floor of cast-iron plates. Similar arches run 
across the furnace at intervals, their function being merely to 
cool the hearth. The furnace gases rise through the vertical 
flue, e, and turn back under a floor of cast-iron plates which 
serves for drying the ore, after which they follow two brick 
flues, f, built over the firebrick arch and fire grate, finally 
turning down beyond the latter through the flues, g, which are 
provided with dampers and connected with a main underground 
flue. 

The ore roasted in this furnace contains 51 to 58 per cent, 
galena and 8 to 11 per cent, blende, with 12 to 14 per cent, 
silica, the remainder being chiefly iron pyrites and chalybite. 
It is roasted down to an average of only 1 per cent. S, and is 
very slightly agglomerated with the rabbles at the end of the 
operation before dropping into the hot-ore truck. 

Tlie Freiberg furnace for sinter roasting is shown in Figs. 39 
to 41. It is somewhat similar to that just described, but the 
portion of the hearth marked S is the sump, sloping gradually 
to a trough between the first working doors, through which the 
agglomerated ore is raked into iron wheelbarrows. 

With very rich lead ores the melting point is so low that 
perfect fusion of the charge can be easily effected in a sump 
furnace without separate fusebox. This was done at Mine La 
Motte (Mo.)* in the case of a rich galena concentrate poor in silver. 
The hearths vary in length from 55 to 66 feet and in width from 
llj to 13 feet, the length being generally five times the width, 
with ten doors on each side, and a continuous slope of IS to 20 
inches. The grate is made 3 feet 6 inches deep from bridge to 
grate bars so as to use wood fuel. The bridge and firebox 
division wall are air cooled, a small chimney on the roof above 
the latter drawing a strong current of air through both ends of 
the hollow bridge and keeping it cool. As in the Freiberg 
furnace, the "sump" in which the ore is fused down is com- 
*Hofraan, Metallurgy of Lead, 1893, p. 166. 
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posed of a single course of firebrick built into a wrought-iron 
pan resting on brick pillars, between which air circulates freely ; 
this air cooling is very effective in preventing corrosion. 
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Figs. 39-41.— Freiberg Furnace or Sinter Roasting. 
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The dressed galena contains 65 to 75 per cent. Pb, and the 
"sulphides" (a sort of middle product of galena and pyrites) 15 
to 30 per cent. Pb, 16 to 45 per cent. Pe, and 1 to 5 per cent. Ni 
and Co. The roasting charges are made up of a mixture of both 
products, 8 tons per day being treated in the 55 by 11^ feet 
furnaces, and 10 tons in the 65 by 13 feet furnace. The roasting 
is carried on in the following way : — * 

As soon as one fused charge is drawn, sand is thrown over the 
sintering hearth near the bridge and the fire lowered while the 
next charge (already desulphurised down to 5 or 6 per cent, 
sulphur) is spread over it, and each successive charge moved 
forward two doors, a fresh charge being dropped in at the flue 
end of the furnace and spread. This operation of moving forward 
and adding a new charge takes about two hours. The doors are 
now closed and the fires cleaned and fed ; the proper amount of 
sand is thrown upon the charge to be fused and well rabbled in. 
The fire is then urged for four hours, the fuse charge being well 
stirred every hour. When ready for drawing, the men, protected 
by a half-cylinder of boiler plate, which stands on the ground 
below and in front of the working door, rabble out the fused 
mass (which is described as of a " ropy " consistency) with long 
hoes direct through the working doors and subsequently break 
it up by throwing water on it, when it cracks and is easily 
shovelled into wheelbarrows. Sometimes a little lead is reduced 
in the furnace by "reactions," but this trickles away through a 
small hole in the bridge into the ashpit, whence it is recovered 
by washing the ashes. Eight tons of ore are roasted and slagged 
per twenty-four hours. Other data are given in Table XIII. 

The "Colorado" roaster, with separate "fusebox" or smelting 
hearth, is shown in Figs. 42 to 46. The particular furnace 
figured is from the El Paso Smelting Works ; it is peculiar in 
that the furnace gases are turned under the hearth through 
vaults occupying the whole width, which thus become dust 
chambers. The arrangement is a poor one as the cleaning out of 
dust chambers in such a situation is a particularly hot and dusty 
job, and more or less interferes with all the work of the roaster 
shed while it is going on ; it is only defensible where there is no 
room for proper dust chambers. Vaults under the hearth are 
never required, and the space is much better filled with rabble 
masonry or simply with well-tamped sand, as the temperature of 
the calcining hearth rarely gets above a dull red, except very 
near the bridge. The fusion hearth must, of course, be built on 
a vault. 

The furnace figured has four hearths, each 14 feet square, 

separated by means of 3-inch steps, the end farthest from the fire 

being thus closest to the roof so as better to utilise the heat of 

the roast gases. The same result might be attained by dis- 

* Kemp, 8. of M. Quarterly, vol. x., No, 3, p. 215. 
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pensing with the drops and giving the hearth a continuous 
gentle downward slope towards the bridge. 

The fusion hearth is nearly circular in plan, the radius being 
1 feet 8 inches ; connection is made with it from the smelt- 
ing hearth by means of a vertical flue 26 inches high and 5 feet 
6 inches long by 16 inches wide, the object being to ensure a 
sharp separation between the smelting temperature below and a 
roasting heat above where the hot gases suddenly spread out 
from feet 6 inches to the full width of 14 feet. In this way 
the ore above is to a considerable extent prevented from fritting 
-together until the moment of its arrival on the fusion hearth, a 
result favourable to the handling of the charge as well as to the 
perfection of the roast, and impossible to obtain with the Frei- 
berg form of furnace, where, with fusible ores, the charge 
sometimes begins to agglomerate as far back as the third or 
fourth pair of doors. 

The arch of the furnace is generally built of firebrick only up 
as far as the end of the lowest roasting hearth, the rest being 
picked red brick, but some metallurgists prefer to build the whole 
arcli of firebrick, as being more lasting and avoiding the evils 
caused by unequal expansion and contraction. The bottom of 
the roasting hearth is formed of firebrick set edgewise as closely 
as possible on a bed of red brick ; while the working bottom of 
the fusebox, formerly built up (as shown in figures) of quartz 
sand melted down with a small quantity of slag on a concave 
brick bottom, is now commonly made of a simple inverted arch 
of firebrick properly wedged up, which is found to be very dur- 
able and satisfactory. The whole of the fusion hearth is enclosed 
in heavy cast-iron plates, and a heavy plate is also inserted in 
the air-cooled firebridge to take the longitudinal stress off the 
hearth. The walls of the smelting hearth and the flue leading 
to it from the roasting hearth wear rapidly and have to be 
patched with fireclay from time to time. The cost of a furnace 
like that figured is, at Denver, about X600, on the Mexican 
frontier about £1000. Each furnace requires 86,000 red bricks, 
15,000 firebricks, 10,000 lbs. of old rails, 12,000 lbs. of cast iron, 
and 4400 lbs. of wrought iron (sheet iron and tie-rods). 

The weight of charge is from 2400 to 3300 lbs. ; it is dropped 
through a hopper at the far end of the furnace and spread 
evenly over the space between the last four working doors, 
remaining there till a charge is again drawn from the fusebox, 
and the other charges have been moved forward a step, when 
it is all turned over and transferred to the second hearth. 
Besides the moving forward, each charge receives from one to 
three rakings with the rabble in the intervals so as to expose 
new surfaces. When it reaches the end of the roasting hearth, 
and before it is dropped on to the fusion hearth, the latter is 
prepared by spreading on it a few cwts. of siliceous ore to protect 
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the bottom and to form slag with the ferruginous roasted ore. 
Frequently, also, flue dust is prepared for subsequent furnace 
treatment by being charged into the fusion hearth, where it is 
soon melted down after being covered with the hot roasted ore. 
As soon as the roasted charge has been spread the tire is urged 
as much as possible ; fusion soon commences near the top, but 
frequent and vigorous rabblings at short intervals are required 
to lift up the siliceous ore and bring it into intimate contact 
with the more basic material and slag already formed. After 
a few hours hot tiring the whole mass becomes fluid, when it is 
rabbled out into ordinary slag pots and left to cool ; after which, 
it is broken up into lumps the size of a cocoanut for the blast 
furnace. When the charge runs high in lead the portions first 
fused must be rabbled out at once, as otherwise they would act 
too much upon the hearth and walls. 

Furnaces like that above described will roast and slag from 
6 to 10 tons per day with a consumption of 30 to 45 per cent, 
of coal, and leave from 2 to 6 per cent, sulphur in the product. 
When plain roasting, two men are found sufficient on a 12-hour 
shift, but when the charge is fused a third man is required to 
attend to the fuse box and the firing. With labour at 9s. 6d. to 
10s. 6d. for twelve hours' work, and coal at 7s. 6d. per ton, the 
cost of roasting and fusing ordinary ores should not exceed 
8s. per ton — though with unskilled men and slipshod superin- 
tendence it is frequently much higher. 

At most Colorado smelting works of the present day the 
"fuse box" has been done away with, and in its place is often 
seen a separate " sintering hearth " the full width of the furnace, 
but at a lower level. This makes a sharp line between ore 
which is still roasting and that which is being agglomerated 
prior to drawing. In most cases the sintered ore is drawn into 
wheel-barrows or iron trucks, where it only partially coheres. 
At the Glohe, and perhaps some other works, however, it is 
rammed into slag pots by the furnacemen and forms masses 
nearly as coherent and porous as coke, and, therefore, in the 
best possible condition for further treatment. 

Otiier Examples of Long Reverheraiories. — At the Cockle Greek 
works of the Sulphide Corporation, Limited, zinc-lead concen- 
trates (middlings), and slimes containing 28 to 30 per cent. Pb 
and 25 to 28 per cent. Zn, are successfully roasted in long hand 
reverberatories, 62J feet by 12 feet, for leaching by the Ashcroft 
process {v. Chap. xiv.). A moderately high temperature with 
low draught is employed, and the roasted product contains about 
8 to 10 per cent. SO3, besides some 3 per cent, of sulphur as 
unoxidised sulphicle. Some further particulars are given in 
Table XIII. This table contains similar particulars with 
reference to all the furnaces described, and to a great many 
others as well. 
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Beverberatories with Inclined Beds. — Reverberatory 
furnaces have been frequently built with a bed inclined at 
1 in 3, or thereabouts, with the idea that in this way the hand 
rabbling, which is so costly, could be dispensed with, the weight 
of each fresh charge forcing the partially roasted ores down the 
slope. Furnaces of this description liave been used successfully 
for years in Victoria for roasting auriferous concentrates, and 
the Ferrari * furnace of similar type is doing excellent work in 
calcining calamine ores in Sardinia, but it is probable that 
the tendency of leady ores to agglomerate would prove an 
insuperable objection to this attempt at a simple automatic 
furnace. 

Mechanical Purnaoes on the Heverberatory Principle. — 
Under this bead might be considered the cylinder furnaces of 
various kinds, but the term "mechanical reverberatories " is 
usually restricted to those furnaces with a fixed bed in which 
the ore is rabbled or moved along by stirrers actuated by 
suitable machinery. Of this class are the O'Hara, the Brown- 
Allen and Brown Horge-shoe, the Pearce Turret, the Spence, 
Keller, Wethey, and Ropp furnaces. 

The Brown- Alien- O'Hara furnace, f largely used in the 
Western States of America for roasting copper ores and mattes, 
consists normally of two superposed reverberatory hearths 
90 feet long by 8 feet wide in the clear. The ore is moved 
forward by a series of stirrer carriages, which run on an iron 
track separated from the roasting hearth by means of a slotted 
wall, and which are attached to each other by chains running 
over a system of vertical pulleys at each end of the hearth. 
The ore fed in automatically at one end of the upper hearth is 
gradually moved forward by the stirrers till it reaches the far 
end, when it drops through on to the lower hearth. The stirrers 
run on in the air supported by the chains for a certain distance 
in order to cool them, and being turned over by the pulleys they 
then return on the lower hearth and gradually work back the 
ore to the discharging doors at the feed end of the furnace. 
The fireboxes, 3 or 4 in number, are built outside of the main 
furnace walls, the flames entering by cross arches. 

The capacity varies from 20 tons per day when roasting down 
to 1 or 2 per cent, sulphur up to 35 tons per day when turning 
out calcines with 6 per cent. S. The cost of roasting in one of 
these furnaces at Denver is about 7s. 3d. per ton. The cost of 
a furnace is about £2000, ready for work ; the chief drawbacks 
are the high fuel consumption and the frequent stoppages for 
troublesome and expensive repairs. These furnaces are in use 
at the Globe Works, Denver (Colo.), but the management is 

* Mazzetti, Rivixta del Servizio Minerario nel 1885. 

tFor figures and details v. Peters, Modern Copper Smelting, 7th Ed., 
p. 202 ; also Schnabel, op. cit., p. 75. 
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exceedingly reticent and no details are obtainable as to their 
performance. 

The Br oum horse-shoe fu/rnace* maybe considered as a Brown- 
Allen furnace with the upper hearth removed and the lower 
hearth bent round into four-fifths of a circle. Although doing 
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Figs. 47 and 48. — The "Pearoe" Turret Roasting Furnace. 

good work on zinc blende and copper matte, the author is not 
aware that it has ever been applied to lead ores. It will be 
described in Chapter x. 

* E. and Al. J., May 12, 1894; also Peters, op. cit., 1895, p. 218. 
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The Pearce " Turret " furnace,* invented by Mr. R. Pearce of 
the Argo Works for roasting pyritous ores, concentrates, and 
■copper mattes, has been used for roasting leady ores and mattes 
with good results. The general construction of this furnace is 
shown in Figs. 47 and 48, from which it is seen to be a rever- 
beratory hearth built in a circular form with an open space 
inside the circle. In the centre of this a vertical column sup- 
ports four horizontal radiating arms of 5-inch pipe, to which are 
attached rabble blades for stirring the ore, and which can be 
revolved at any desired speed. The pipes are perforated inside 
each of the ploughs or rabbles, and air forced through the pipes 
escapes through the perforations, cooling the arms and rabbles, 
while at the same time supplying a current of hot air to promote 
oxidation and accelerate the roasting. To allow of a continuous 
slot in the inner wall of the circular hearth through which the 
arms must pass, all that side of the arch is supported by stirrups 
from eight 12-inch I beams arranged radially over the top of 
the furnace. The crushed ore is fed at A by means of a hopper, 
is pushed along the circle at any desired speed by the rabbles, 
and discharged automatically at B into iron tramwagons under- 
neath. The hearth is heated by two stepgrate fireplaces auto- 
matically fed with coal, and the whole space underneath the 
hearth is utilised as dust chambers. The rabble blades have to 
be renewed every three or four weeks, beyond which the cost 
for repairs is very trifling. The cost of a 36-foot furnace in 
Denver is about £1000, so that it is considerably cheaper than 
any other mechanical furnace in first cost. One man only per 
shift is required to clean the grates and attend to the furnace. 

This furnace in Colorado is roasting mattes containing 10 to 
12 per cent, lead, 30 to 35 per cent, copper, and 21 per cent, 
sulphur down to 6 per cent. S at the rate of 13 tons per day 
and at a total inclusive cost which is stated to be under 3s. 6d. 
per ton, including power, repairs, and depreciation. At the 
Selby Works (Oal.) it roasts lead mattes containing 8 to 12 per 
cent, lead down to 4 per cent, sulphur at the rate of 14 tons per 
twenty-four hours.f On ordinary pyritous ores containing some 
silica and no lead the capacity is somewhat greater, and the 
total inclusive cost on such ores in Colorado is only 3s. per ton. 

Both at the Colorado and Philadelphia Smelting Works (Pueblo, 
Colo. ) furnaces of this pattern have been erected. At the former 
works, however, they have been discarded owing to the slow 
roasting on leady material, high fuel consumption, and large 
amount of flue dust produced. At the latter works the furnaces 
are still in use, but give much trouble and are disliked on this 
account by the management, although the actual roasting is 
done cheaper than in the hand furnaces— -viz., for a trifle under 

* For details consult Peters, op. cit., 1895, pp. 215, et seq. 
+ Douglas, Journ. Soc. Arts, Aug. 16, 1895, p. 832. 
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4s. per ton. On very leady ores it has been found convenient 
to use only one of the rabble arms instead of two (or four as at 
first proposed by the inventor). The ore takes five hours to 
pass through the furnace, the daily output being 15 tons; one 
man attends to two furnaces on each shift, but the coal consump- 
tion is nearly twice as much as with hand furnaces and the 
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amount of flue dust produced is from 3 to 4 per cent, as against 
one-half per cent, or less for the hand furnaces. Sintering on 
the hearth is combated by a heavy adjustable plough for tearing 
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up the crusts — the invention of Rhodes.* It is a significant 
fact that none of the lead smelters who have had experience 
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•witli the Turret furnace are at all pleased with it for their 
work. 

' Supt. Philadelphia Smelting Works. 
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The Hopp straight-line furnace * has proved one of the most 
successful of all mechanical furnaces on leady materia). Some 
of the details of the furnace will be understood from reference 
to Figs. 49 and 50. The rabble blades are supported on carriage.s 
which, instead of running on a track level with the hearth, and 
only separated from it by means of a sheet-iron curtain (as in 
the Brown-Allen O'Hara furnace), run in a vault beneath the 
arch, connection being made by vertical arms which pass through 
a continuous cast-iron slot in the centre of the hearth. These 
arms are attached to a wire rope instead of to a chain, and while 
both rope and carriages are much better protected from the heat 
of the hearth than in the O'Hara furnace, they are more than 
half their time outside the hearth altogether, so that they get 
thoroughly cooled down at each revolution, which takes three 
and a half minutes. The ropes pass round two large sheaves at 
the furnace ends, and the track for the stirrer carriages bends 
round outside the furnace, as shown in the figures, so that the 
carriages run continuously with the rope without any jerking or 
irregularity of motion. The length of hearth in the ordinary 
or small-sized furnace is 105 feet by 11 feet wide in the clear, 
with four stirrer carriages and usually three fireplaces, arranged 
as shown in tlie figure. The ore is fed in from hoppers at one 
end of the furnace by means of Challenge automatic feeders, and 
discharged into roasted ore hoppers at the other end. There is- 
no complication of superposed hearths, and the stability of the 
principal arch is in no way interfered with by openings ; the 
furnace, therefore, suffers less from racking and wear and tear 
than most others, while it is easily accessible for repairs. The 
usual consumption of coal is 4 short tons per twenty-four hours, 
and 4 H.P. is required for moving the rabbles. Each furnace 
contains 66,000 lbs. of ironwork (costing .£1150 f.o.b. San 
Francisco), 54,000 red bricks, and 23,000 firebricks. With red 
brick at 37s. 6d. per 1000, and firebrick at £5s 5s., the total 
cost of one furnace ready for work should not exceed £1800. 

Some data of the performance of the furnace at the Selby 
Smelting Works (Cal.), compared with the work done by the 
Pearce Turret furnace — both furnaces running side by side at 
Selby on the same ore — are given in Table XIV. 

On these figures there would seem to be some saving in cost 
in favour of the "Straight-line," but evidently its principal 
advantages are simpler construction and better cooling of the 
rabble blades (which means less cost for repairs) and the smaller 
amount of flue dust produced. It is no doubt the use of a blast 
for cooling the rabbles which increases the amount of flue dust 
produced by the Turret furnace. As regards economy of fuel, 
neither furnace seems to reach a high standard, and no doubt 
any of the more complicated furnaces with superposed hearths 
* E. and M. J., July 12, 1895 ; also Private communications. 
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TABLE XIV.*— CoMPAKisoN between Pearce Turret and 
Ropi' Straight-dink Furnace. 





Pearce Turret. 


Ropp Straight-line. 


Percentage of lead in ore, 


12 to 15 


per cent. 


,, of sulphur in raw 






ore, 


20 to 25 


,, 


,, sulphur- in roasted 






ore, . 


5 per cent. 


4 to 5 per cent. 


Dimensions of furnace, . 


36 feet diameter. 


lOSfeetby llfeet. 


Approximate cost of furnace, . 


£1200 


£1800 


Time spent in furnace by each 






particle of ore, . 


Five hours. 


Six hours. 


Output of roasted ore per 






twenty-four hours, 


12 to 16 short tons. 


25 to 35 short tons. 


Mean consumption of coal, . 


2 short tons. 


4 short tons. 


Percentage ,, ,, 


15 per cent. 


13 per cent. 


Labour per furnace — day, 


Two men. 


Two men. 


H. P. required to drive, . 


4 H.P. 


5 to 6 H.P. 


Repairs and depreciation, 
Flue dust produced, 


Considerable. 


Very little. 



would give better results in this respect if they could always 
be depended upon to handle leady ores without clotting. 

Some much larger furnaces of the Ropp type (150 feet by 
14 feet) have been erected lately at the Port Pirie Works of 
the Broken Hill Proprietary Company for roasting rich galena 
concentrates from the dressing works at Broken Hill. Consider- 
able difficulty is reported to have been experienced in roasting 
material so rich in lead owing to the clotting and incipient 
sintering which takes place, but detailed results are not yet 
obtainable. 

At the Hanauer Works (Salt Lake City) a large Ropp furnace 
180 by 16 feet is used for roasting all kinds of leady ore mixtures 
and is very much liked. The average charge contains 25 to 30 
per cent. S, which is roasted down to 5 per cent, at the average 
rate of 35 tons per day, with a consumption of 5 tons (or 14-3 
per cent.) of best nut coal. The amount of repairs is very slight, 
chiefly consisting in renewing the rabbles on the firebox side 
about once in six months, those on the opposite side lasting 
a year or more. To obviate trouble from sintering it is found 
advisable to use rabbles on the firebox side an inch shorter than 
those on the opposite side. 

Mechanical Bevertaeratories with Multiple Hearths. — 
The best-known furnaces of this class are the Spence\ and 



* Private communication from A. V 
t r. Peters, op. cit. , 1895, p. 220. 



I. Ropp, Nov., 1896. 



104 THE METALLUEGY OP LEAD. 

Keller* furnaces. Both have superposed hearths (four in the 
Spen.ce, five in the Keller) traversed by rakes having a reci- 
procating motion ; but in the latter the mechanism and stirrer 
carriages are altogether outside the furnace, only the rabble-arm 
itself entering the hearth by means of a slotted wall. These 
furnaces are doing splendid work at Butte on pyritic copper 
ores and concentrates, but have not, so far as the author is 
aware, come into use for leady ores, trials at the Germania 
Works having proved unsatisfactory. 

The Wethey furnace j may be regarded as a four-hearth furnace 
on the O'Hara principle. It consists of four superposed hearths, 
each 50 feet long by 10 feet wide, heated by a firebox at the 
side, and the ore is worked forward from the top hearth to the 
bottom by the usual stirrers of rabble blades fixed to pipes 
resting on carriages, which run on tracks fixed outside the 
furnace. The peculiarity which distinguishes this from the 
Keller furnace is that the rabbles, instead of having a recipro- 
cating motion and returning upon their tracks, turn completely 
over and return upon the hearth immediately below, so com- 
pleting the circuit and carrying the ore on each hearth continu- 
ously in one direction. The furnace is therefore virtually a 
four-hearth O'Hara. 

A furnace of this type at the Butte Reduction Works, working 
on zincy and coppery pyritic ores, treats 30 to 35 tons per 
twenty-four hours, bringing down the percentage of sulphur 
from 40 to 6 or 8 per cent. ; it consumes only 2 cwts. of slack 
coal to the ton, or 10 per cent. The cost for fuel and labour is 
only Is. 6d. per ton, and the repairs in two years have been 
nominal in amount. 

Of course, the results on lead ores would not be nearly so 
good as the above, yet it should be possible to work them ; in 
fact, the author is informed that a furnace of this type is actually 
at work in an English works roasting galena concentrates from 
Broken Hill, but no details as to performance are available. 

Revolving Bed Furnaces with rixed Ploughs. — Exampiles 
of this type are the Brunton,% which, though the earliest of all 
mechanical furnaces (patented 1828), is still in use for roasting 
arsenical ores, and the Bunker Hill § rotary pan furnace, a very 
poor device, combining the disadvantages of hand and mechanical 
furnaces. Neither of these, however, is used for roasting lead 
ores. 

The best furnace on this principle appears to be that of Blake, || 

* Douglas, Journ. Soc. Arts, Aug. 16, 1895 ; and Peters, op. cit., 
pp. 214 to 218. 

•^Private communication, A. B. Wethey, Aug., 1896. 
J Foster, Ore and Stone Mining, p. 614. 
§ Rose, Metallurgy of Oold, p. 228. 
II Trans. A.I.M.E., vol. xxi., p. 943. 
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which is on the principle of the Brunton, but instead of being 
supported on a central axis it runs on cast-iron balls in an 
annular groove 12 feet in diameter. It differs radically from the 
Brunton in two respects : — 1. In having on its surfaces a series 
of concentric terraces, one above the other, so that each particle 
of ore pushed off one terrace by the fixed plough has actually to 
fall through the air on to the next terrace, instead of being 
merely pushed sideways still enveloped in sulphurous vapours. 
2. In delivering upon the charge an independent stream of hot 
air unmixed with reducing gases. The heating of this air is 
effected by a pair of Siemens' chambers built in the usual way of 
brick chequer work, and heated, not by the waste gases, but by 
a separate fire, as the heat of the former was considered by the 
inventor to be insufficient. The air arrives upon the hearth 
in a nearly red hot condition, and thus very little fuel is required 
in the fiireboxes. Its quantity being capable of accurate regula- 
tion the temperature of the hearth is perfectly under control — 
so much so that in treating a mixture of blende, galena, and 
pyrites the latter can be, if required, completely oxidised at a 
dull red heat without tarnishing the blende or fusing the 
galena. 

Tlie ease with which the temperature and rate of oxidation 
can be regulated with this furnace would seem to render success 
quite probable even on rich galena ores where only plain roasting 
without agglomeration is desired. 

Revolving Cylinder Furnaces. — There are two main types 
of cylinder furnace, namely, the Bruckner * in which charging 
and discharging are intermittent, a single charge being put in 
and rotated until finished ; and the Oxland t and White J cylin- 
ders, in which charging and discharging are automatic and 
continuous, the inclination of the axis and speed of rotation 
combining to deliver the roasted ore at a constant though 
adjustable rate. Both types are often referred to as American 
inventions, but they are both of English origin, the Bruckner 
cylinder being nothing more or less than Mactear's modification 
of Elliott and Russell's revolving black ash barrel, while the 
White furnace is practically identical with the Oxland and Hock- 
ing calciner, patented and erected in England several years before 
the first American " invention " of a revolving furnace. Both 
the continuous and intermittent cylinders are described and 
illustrated in Part ii.. Chap ix. of this work. 

Although giving very good results with argentiferous copper 
ores and mattes the continuous cylinders have not been tried on 
leady material, owing to the temperature not being sufficiently 
under control. Their capacity, however, is great ; thus at Briton 
Ferry (Cape Copper Company) Oxland calciners, 60 feet long and 

* Rose, Metallurgy of Gold, p. 229 ; also part ii., figs. 209 and 210. 
t Foster, op. cit., p. 615. J Rose, op. cit., p. 235. 
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5 feet 6 inches inside diameter, roast daily 9 tons of white 
metal dead or 18 tons of coarse metal down to 10 per cent, 
sulphur. 

Briickiier Cylinders. — Many attempts have been made to apply 
these to the roasting of lead ores. At the Germania works 
(Utah) Bruckner cylinders, 22 feet long by 8^ feet in diameter, 
gear-driven, are used for roasting both ore and matte, and put 
through 8^ tons each per twenty-four hours of pyritiferous ores 
containiug 20 per cent, lead, roasting down to 2| or 3 per cent, 
sulphur, while ores with 30 per cent, lead roast down to 5 per 
cent, sulphur in the same time ; the fuel consumption in each 
case being about 20 per cent, of coal by weight. Even ores con- 
taining as high as 35 per cent, lead can be successfully roasted 
by adopting special precautions to keep the temperature low, 
especially at the neck of the cylinder and at the beginning of 
the roast. The marked success of the Bruckner cylinders at 
these works, compared with results obtained elsewhere, is due 
partly to the unusually large diameter of the cylinders them- 
selves, partly to greater care in regulating the firing, and partly 
to the adoption of special devices for equalising the temperature 
inside the cylinder, which the author is not at liberty to publish. 
By means of these precautions and devices sintering, or "balling," 
of the charge is of exceedingly rare occurrence, and even when 
it does occur accidentally the form of the cylinder permits of 
ready access for " barring off," lic. The revolving cylinder, 
however, has the disadvantage of making a very large proportion 
of flue dust and of being rather heavy in repairs, while, unless 
in the hands of a skilful foreman, it is certain to give trouble by 
its irregular results. 

Attempts have been made to combine revolving cylinder 
roasters with independent smelting hearths, on which the 
roasted charge could be sintered or fused, as suggested by 
Briickner years ago; hut such attempts have all been complete 
failures. The fact that no systematic sintering of the charge is 
possible in any kind of mechanical furnace is no great drawback, 
for the plain roasted charge can be removed in an iron hopper 
truck and dropped, still red hot, into a separate smelting 
hearth. 

Shaft Furnaces. — The only furnace of this kind which has 
been successfully used on pyritous lead ores is the well-known 
Gerstenhofer,''' which at Freiberg puts through in twenty-four 
hours about 60 tons of a pyritous ore containing 18 per cent, 
galena, 60 per cent, pyrites, and 22 per cent, gangue, and roasts 
it down to about 7 per cent, sulphur. Ordinary lead ores, 
properly so called, could not, of course, be roasted in such a 
furnace at all. 

Muffle Furnaces. — The same remark applies to the use of 
' 1'. Schnabel, Handtmch der Metallhilttenkunde, vol. i., p. 55. 
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these furnaces for mixed leady ores. At Oker the Hasenclever* 
muffle furnace is employed for the first roasting of the mixed 
ore fines, which average 11 per cent, galena, 15 per cent, chalco- 
pyrite, 28 per cent, blende, 25 per cent, pyrites, 14 per cent, 
heavy spar, and 7 per cent, of other gangue matter; simply 
because it is required to condense the sulphurous acid gases for 
the manufacture of sulphuric acid. 

Summary. — As a rule, it may be said that for rich galena 
ores containing but little of other sulphides, except blende, there 
is at present, under ordinary circumstances, no alternative to 
the use of hand-rabbled long hearth reverberatories, for which 
all coarse particles should first be crushed at least to a 6, and, 
preferably, to an 8 or 12 mesh. If, however, labour is very 
expensive a mechanically-rabbled furnace may be advisable, 
the Ropp and Pearce forms being, perhaps, on account of their 
simplicity, best adapted to such readily fusible material. Of 
the two, the former is decidedly preferable. 

When, however, the ore to be treated carries a larger pro- 
portion of iron pyrites than of the other sulphides, any of the 
mechanically-rabbled reverberatories may be employed for the 
ore fines, the multiple-hearth Wethey and Keller types possessing 
decided advantages over the others, on account of their economy 
of fuel, though ill adapted to the handling of readily sintered 
material, except with special precautions to keep down the 
temperature. 

As regards coarse ore in which pyrites is the predominating 
constituent ( say all over pea to nut size), it may be either crushed 
and roasted with the fines in a liand- or mechanically-rabbled 
reverberatoi'y, or, where local conditions will permit, roasted in 
stalls or kilns at a lower cost, and frequently to much greater 
advantage. The prices of labour, materials, fut-l and motive 
power, value of acid fumes, ifec, must be duly considered, and 
each case decided on its merits. 

It may be remarked with regard to all mechanical furnaces 
that they need careful handling by skilled labour, which is al- 
ways expensive, and frequently not obtainable outside of great 
metallurgical centres. IJnlfSS, therefore, the smelting works is 
on a large scale and very favourably situated as regards the 
supply of reliable skilled labour, it is much better to depend 
upon the ordinary hand reverberatory for roasting all fine leady 
ores, even those containing so much pyrites as to render them 
suitable for handling in a mechanical furnace. 

As an example, it may be noted that at the great Alaska- 
Treadwell mine long hand-worked reverberatories have been 
substituted for the Bruckner and Spence furnaces formerly 
used for dead-roasting pyritic concentrates for chlorination 
simply on this ground. On this point Hamilton Smith says : — f 
* Ibid., p. 83. t Tran.^. Fed. Inst. ofiVin. Eng., vol. vii., part i., p. 109. 
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' ' I think the chances are that no mechanical furnace will ever prove 
so successful at a mine for perfectly roasting sulphides as a reverberatory. 
Sulphide ores vary from week to week. At large works, where concentrates 
from various mines are mixed under the charge of a competent man, it is 
possible that mechanical stirring may answer, but at one mine the owners 
cannot afford to pay very high salaries, and, consequently, the roasting 
foreman is generally or almost invariably a rule-of -thumb man." 

If this be true as regards pyritic concentrates, it must be very 
much more so in the case of galena ores with their decided 
tendency to sinter. Only the largest and best-equipped con- 
cerns can afford to experiment with mechanical furnaces on any 
material containing upwards of 20 or 25 per cent. lead. 



CHAPTER VII. 

BLAST FURNACE SMELTING- PRINCIPLES. 

Introductory. — Roasting is an indispensable preliminary to the 
blast furnace smelting of galena ores, but the importance of a 
perfect roast has greatly diminished since the introduction of the 
modern system of fast driving, with its enormous volume of air 
supplied through tuyeres of large area. In the German system 
of smelting with a small number of tuyeres of small size, giving 
a powerfully reducing eflfect with slow smelting, the whole of the 
sulphur ]jresent goes to form matte. By using a larger volume 
of blast, however, it is possible to burn off a considerable portion 
of the sulphur present, and, therefore, an imperfectly roasted 
charge, or' even a mixture of raw and roasted ore, may be em- 
ployed without much increasing the production of matte.* 

Though mast-reduction, therefore, is the typical blast furnace 
process, at the present time both reaction and precipitation are in 
a minor degree exemplified at different centres. 

Roast-reduction predominates in the (ordinary) case where the 
lead ores have been reduced pretty thoroughly to an oxidised 
condition by natural agencies or by a thorough roast. Lead is 
reduced to metal chiefly by the agencies of carbonic oxide and 
of glowing carbon ; and sulphur chiefly forms an iron-lead matte, 
except a small portion expelled as SO^ and another small portion 
carried into the slag as zinc, lead, iron, and barium sulphides. 
These conditions prevail at Preiberg, Mechernich, and Przibram ; 
at Cartagena, Pertusola, and Laurium ; at most of the great 
smelting plants in the U.S., Mexico, and at Broken Hill, N.S.W. 

Precipitation predominates in the exceptional case where the 
lead ores are charged in an unaltered sulphide condition together 
* The volatilisation loss, however, is in this case much increased. 
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with oxidised iron ores and other fluxes in high furnaces, a small 
volume of air only being employed, together with a very high 
fuel consumption. The atmosphere in the furnace is powerfully 
reducing, and lead sulphide is acted upon by metallic iron 
reduced from the fluxes, producing a small quantity of iron-lead 
matte. The typical example of this condition of affairs is to be 
found at Clausthal, but it may be presumed that precipitation 
always comes into play to a greater or less extent when the con- 
ditions are favourable to a powei'fully reducing action. The 
practice in the United States, until within the past few years, 
undoubtedly involved more or less "precipitation." 

Reaction may be said to [jredoniinate in the, as yet exceptional, 
case when the ores are very imperfectly roasted, or when raw and 
roasted ores are mixed and charged in a comparatively low 
column into a blast furnace, the atmosphere of which is made 
oxidising V>y the expedient of supplying it with a larger volume 
of air than can be burnt up by the coke at the given pressure. 
Lead is chiefly liberated by the reaction of its sulphate and 
oxide upon unaltered sulphide, and the sulphur present in the 
charge is chiefly expelled as SOj. This practice in its typical 
form is exemplitied at the Block 1 4 Smelting Works, Port Ade- 
laide,* but to some extent reaction, no doubt, comes into play 
wherever a large increase in furnace capacity has been aimed at 
by increasing the volume of the blast without very greatly 
increasing the height of the furnace. Whenever an increase of 
capacity obtained hy this means without altei-ing the composition 
of the charge is found to be unaccompanied by an increased 
matte fall, it is safe to reckon that some reaction eflect has 
come into play, and this condition of affairs, though unusual, is 
occasionally reached at several large European and Australian 
lead smelting establishments. 

A.lthough, however, precipitation and reaction are always more 
or less concerned in blast furnace lead smelting, they play a part 
which is, on the whole, distinctly subordinate to the more 
universal roast-reduction process. The principles of blast fur- 
nace smelting will, therefore, be discussed chiefly on the reduction 
basis with only incidental reference to such exceptional condi- 
tions. 

Objects of Blast Furnace Smelting. — The charge consists, 
as a rule, of both raw and roasted ores mixed in convenient pro- 
portions, a majority of the ores valuable chiefly for their silver 
contents being smelted in a raw condition. It may contain, 
besides oxide, sulphate and sulphide (.sometimes silicate) of lead, 
silver and gold, the former combined as sulphide or native, also 
oxides, sulphides and sulphates of iron, zinc, and copper, arsen- 
ides and antimonides (arseniates and antimoniates), free silica 

* And may be said to have originated with Mr. T. G. Greenway, the able 
metallurgist and manager of these works. 
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and silicates of iron, alumina, lime and magnesia, barium and 
caloiuui sulphates, and also, in the raw ores, carbonates of lime, 
magnesia, iron and zinc, fluorspar, and other gangue minerals. 

It is mixed with fuel and with appropriate fluxes and smelted, 
the object being to produce : — 

1. A "work-lead" or "base-bullion," which shall contain as 
much as possible of the lead, silver, and gold present. 

2. A "matte," which shall contain as much as possible of the 
copper, together with the rest of the lead, silver, and gold. 

The remaining ingredients are to be got rid of by slagging or 
by volatilisation, but when much arsenic is present an additional 
product is formed in the shape of speiss, which complicates the 
extraction. 

Requirements of the Ore Charge. — The ore charge should 
contain for good work sufficient lead to yield at least 8 to 10 
per cent, (and preferably 12 per cent, or upwards) on the whole 
weight of charge including fluxes ; and the proportion of silver 
should not be more than 3, or at most 4, ozs. for each per cent, 
of lead shown by dry assay. The other constituents of the 
charge — silica, iron, lime, &,c. — should have been, as far as 
possible, balanced by mixing various classes of ore, so as to 
produce a "good" slag with the minimum amount of barren 
fluxes. 

Requiremeiits of the Slag.* — The slag produced must be 
good, economically as well as metallurgically. To be good 
■)netcillurgically a slag must fulfil the following conditions : — 
(1) Low fusibility; (2) low contents both of lead and silver; 
and (3) ready separability from matte and speiss. 

1. The melting point of lead slags may vary between 1030° C. 
(Schetel) and 1373° C. {Balling), being lowest when its com- 
position approaches that of an iron monosilicate, and highest as 
it approximates to a bisilicate, especially when high in lime and 
magnesia. 

2. According to Eilers,t when producing 300 ozs. bullion a 
good slag should not contain over | per cent, lead (by dry assay) 
or ^ oz. silver (ordinary crucible assay uncorrected) per ton. 
These figures are, however, but rarely attained as averages on 
the large scale. 

3. The separability from matte and speiss depends partly on the 
density of the «lag (3'4 to 3'6) and partly on its viscosity. The 
author is not aware of any experimental investigations on the 
latter point, but it is known in a general way that siliceous slags 
are less perfectly fluid than those of a basic character, while both 
zinc and magnesia tend to render slags pasty. 

r. Halm, Mineral Resource.^ of the U.S., 1S82, p. 325; lies, ibid., 1883-4, 
p. 440; Schneider, Tram. A.I.M.E., vol. xi., p. 56; Hofman, op. cit., p. 
133. 
i E. and M. J., April 9, 1881. 
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To be good economically a slag, besides satisfying the above 
conditions, must permit of smelting as much as possible of the 
ore on which there is the largest margin of ])rofit with the 
minimum of costly flux. Not only the cost of flux delivered at 
the works has to be borne in mind, but the cost of smelting it, 
for every pound of flux added to the furnace charge means a 
pound of ore left out. It costs about as much to smelt a ton of 
flux as a ton of ore, therefore great attention should be directed 
to utilise, as far as possible, the various kinds of ore available, so 
as to employ as little barren flux as possible. 

Fluxes. — The fluxes used in the lead blast furnace are : — 

1. Silica in the form of sand or siliceous silver ores, used only 
for bisic ferruginous ores. This is not usually spoken of as 
" flux," that name being reserved for basic fluxing materials, 
and (in Colorado) for the lead ores which are added to siliceous 
mixed ore charges. 

2. Iron Ore (also nianrjanese ore). — This is a favourite flux for 
siliceous ores whenever obtainable, especially as, when derived 
from the gozzans of ore deposits, it usually carries more or less 
silver and gold, and sometimes lead. Its cost alone precludes 
its more universal use for simple fluxing purposes when not 
carrying any " values." All iron ores contain more or less 
silica, which, besides diminishing their fluxing power, forms an 
unnecessary amount of slag in the furnace. This is almost 
always objectionable, not only on account of the cost of smelting 
worthless material, but also because of the lessened furnace 
capacity for ore, and of tbe extra losses of lead and silver in 
this additional slag. 

When smelting very zincy ores which are not too siliceous, 
however, it is often preferable to use a cheap siliceous iron flux 
rather than the more expensive high-grade iron ore, as the extra 
amount of slag formed assists in carrying off zinc. 

Hammer scale and puddle cinder are still employed at Mecher- 
nich, and, perhaps, at one or two other places, but are far too 
expensive for use at most great smelting centres. 

It is impossible too strongly to impress upon the novice that 
in the ordinary lead blast furnace an excess of .silica lies at the 
root of most of the difficulties and irregularities in furnace 
manipulation, except those caused by zinc, and that the troubles 
caused by an excess of base (especially of iron) are much less to 
be feared than those due to an excess of silica. It is often 
necessary to economise iron-fluxing ores on account of their 
expense, or the cost of roasting, if the iron flux has to be pre- 
pared on the spot from pyritous ores, but a pretty safe rule for 
the inexperienced metallurgist to follow is " when in doubt or 
in trouble increase the iron ore on the charge." 

3. Limestone. — This is the flux most widely used, the purest 
kind being the best for furnace work. Generally, however, the 
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best obtainable is more or less siliceous or argillaceous, and 
frequently also dolomitic. Siliceous and argillaceous impurities 
are objectionable in exactly the same way as when found in iron 
ores — viz., because they bring about the formation of an un- 
necessary amount of slag. Magnesia, theoretically, should be 
more efficacious than lime for neutralising silica on account of 
its lower molecular weight, but, unfortunately, the silicates of 
magnesia are so infusible as to much more than offset this 
advantage, the use of very dolomitic limestones becoming on 
this account most objectionable. 

The proportion in which lime may be used varies greatly. 
In the practice of twenty or thirty years ago (chiefly owing to 
the abundance of iron ores and the cheapness with which pyrites 
could be roasted) limestone was but seldom added to the charge, 
and the slags contained but little lime. Nowadays, on the other 
hand, the price of iron flux being usually higher and the cost of 
roasting greater, a larger proportion of limestone is advantage- 
ously employed, ranging, when the zinc present is small in 
amount, up to 30 per cent. OaO in the slag produced. There 
are, however, drawbacks to its use above a certain proportion, 
since, although it brings down the specific gravity of the slag, 
it decreases its fluidity and its fusibility in a corresponding 
degree ; and, to the extent of the decreased fusibility and of the 
higher specific heat which it possesses compared with the irony 
slags increases the fuel consumption. 

On the other hand, however, a given weight of lime will 
neutralise more silica than the same weight of ferrous oxide, 
so that less total weight of slag is produced from the same 
quantity of silica, with smaller losses of lead and silver, and, 
therefore, limestone is in most cases the most advantageous flux 
to employ irrespective of its lower first cost. 

Slags from the same or a distinct operation are frequently 
added as flux with one or more of the following objects :— (1) 
To recover lead or silver contained in them ; (2) to open up a 
fine dense charge and prevent it from clogging the blast ; and 
(3) to add some basic or acid constituent in which the charge 
is deficient. 

However well a furnace is running, some slag will always be 
produced containing shots of matte or speiss, or otherwise too 
rich to throw away (so-called "foul slag"); this will generally 
amount to from 5 to 10 per cent, of the ore charge. Slag having 
been already once melted is much easier to remelt than an 
ore mixture containing the same constituents, therefore the 
addition of slag to a refractory mixture will assist it to melt 
more easily. 

Use of Burnt Lime instead of Limestone. — Burnt lime 
was tried instead of limestone in the iron blast furnace with 
the idea that the fuel required to expel 44 per cent, of its weight 
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as COo would be saved. The matter was fully discussed by Bell,* 
who showed that burnt lime absorbs much moisture and CO, in 
the upper part of the furnace, which have to be expelled lower 
down ; and that, even when large lumps burnt at a high tem- 
perature are used, the saving in fuel is only about 3| per cent. 
The same objections <lo not, however, hold good in the case of 
lead furnaces, for the descent of the burnt lime from the charging 
floor to the reduction zone is too quick to admit of much absorp- 
tion of COg, while the reduction and fusion zones of a lead furnace 
are so restricted tliat there is a very real loss of temperature 
and fuel in decomposing limestone in the furnace. According 
to Le Chatelier, calcium carbonate requires a temperature of 
812° for its decomposition, and it is pretty certain that this 
temperature would not be reached until the limestone was nearly 
down to the top of the jackets — i.e., close to the smelting zone 
where all the heat of the fuel is required for iron reduction and 
slag formation. 

According to Bretherton,t burnt lime has been used instead 
of limestone at the American smelter (Leadville, Colo.) since 
1885, with the result that the furnace runs faster, the slag is 
hotter and cleaner, and fewer wall accretions are formed. Other 
metallurgists who have tried burnt lime have found difficulties 
due to its friaVjility and pulverulent condition when partially 
slaked, and it would seem that it is essential for the lime to be 
(a) freshly burnt, and (6) in large lumps of, say, 5 to 6 inches in 
longest dimension. When satisfying these conditions the ad- 
vantages of burnt lime would seem to be as follows : — (1) No 
crushing or sledging required ; (2) saving of fuel owing to 
absence of reaction between the expelled COg and carbon ; (3) 
increase of furnace capacity for ore proportional to the difference 
of weight ; (4) no loss of heat in smelting zone, therefore hotter 
and cleaner slags ; (5) less total quantity of gas produced in 
furnace, therefore less volatilisation loss ; and (0) possible direct 
action of the porous lime in upper part of the shaft upon sulphides 
of Zn and Pb volatilised from smelting zone with formation of 
CaS, and diminution in the amount of wall accretions formed. 
It is to be noted that in some cases the saving in freight caused 
by the less weioht will pay for the cost of burning. 

Composition of Slags. J — The principal slags used in lead 
smelting are monosilicates,^ in which the oxygen ratio of bases 
to silica is as 1 : 1, the general formula being 
2R0 . SiOi . [2R2O3 . SSiOs]. 

* The Manufacture of Irwi and Steel, London, 1884, p. 60. 

t E. and M. J., March 4, 1893. 

X An interesting attempt is made by Austin (E. and M. J., January 27, 
1894) to connect lead slags graphically by means of curves. The author 
has here attempted to refer them to formiil;>^. 

§ Often called unisilicates. 

8 
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These are, especially when mixed, decidedly more fusible than 
any other combinations of silica and bases. 

True bisilicates, though occasionally met with in copper 
smelting, are never used in lead smelting, as they carry away 
too much lead as silicate, besides being viscid, and causing 
various inconveniences in furnace working. A sesquisilicate 
with oxygen ratio of bases to silica as 2 : 3 is, however, some- 
times made 



f2R0. SiO, + 
\ 2(R0 . Sid,) 



r2R.,03 . 3SiO, + 
L2(R303 . SSids) 



] 



being regarded as a mixture in equal proportions of monosilicate 
and bisilicate. Other mixtures of mono- and bi-silicates with 
oxygen ratios of 4- ; 5, 5 : 7, <fec., are also met with. 

These higher silicates all melt at a higher temperature than 
simple monosilicates. Besides economising flux, therefore (for 
which purpose they are chiefly employed), their use is indicated 
whenever a higher temperature is required in the smelting zone 
of the furnace, as e.g., (1) for reducing FcgOg to Fe for use in 
precipitating lead from its sulphide ; (2) for smelting arsenical 
ores, the "speiss" produced by which is liable to "freeze" 
unless kept very hot. 

With very high proportions of zinc and of alumina, a sub- 
silicate or mixture of mono- and sub-silicate has to be made, in 
which the oxygen ratio of bases to silica is as 1 -t- w : 1 ; n being 
any fraction up to about 0'5 or 0'6. 

TABLE XV. — Relative Equivalence of Different 
Slag-forming Bases. 



One part, by weight of 


Parts by 
weight 
o£ Bases. 


One part by weight of 


Parts by 
weio'ht 


Silica requires 


Base requires 


of Silica. 


For Monosilicates — 




For Monosilicates — 




Ferrous oxide, . 


2-40 


Ferrous oxide, . 


0-416 


Manganous oxide, 


2-36 


Manganous oxide, 


0-422 


Lime, 


1-86 


Lime, 


0-535 


Baryta, 


5-10 


Baryta, 


0-196 


Magnesia, . 


1-.33 


Magnesia, . 


0-750 


Alumina, . 


114 


Alumina, . 


0-873 


Zinc oxide, 


2-70 


Zinc oxide. 


370 


For Bisilicates — 




For Bisilicates — 




Ferrous oxide, . 


1-20 


Ferrous oxide, . 


0-883 


Manganous oxide, 


1-18 


Manganous oxide, 


0-845 


Lime, 


0-93 


Lime, 


1-070 


Baryta, 


2-55 


Baryta, 


0-392 


Magnesia, . 


0-66 


Magnesia, . 


1-500 


Alumina. . 


0-57 


Alumina, . 


1-747 


Zinc oxide, 


1-35 


Zinc oxide. 


0-740 
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The preceding table, originally given by Balling,* shows the 
proportions of silica and bases required to form monosilicates 
and bisilicates. Baryta and zinc oxide have been added, and 
the figures for sesquisilicates have been omitted, since they may 
be regarded as simple mixtures of mono- and bi-silicates in 
equal proportions. Any required intermediate mixture can be 
readily obtained from the figures of the mono- and bi-silicates. 

The following table, based primarily upon that given by 
Hofman, with alterations and additions, shows the composition 
of certain typical slags which have been used in practice with 
uniformly good results : — 

TABLE XVI. — Composition op Typical Lead Slags. 





Oxygen 




FeO 


CaO 










Authority. 


ratio 


SiOj. 


MnO. 


BaO 


AI2O3. 


ZnO. 


Total. 


Eemarks. 




Bases : Silica. 




MgO. 










1. Eilers.t . . 


1 : 1 


28 


50 


12 






90 


, 


2. Eilers,+ . . 


1 


1 


30 


40 


20 






90 


/ ALOs + ZnO 


3. Schneider, . 


1 


1 


33 


33 


24 






90 


( uiider 7 % 


4. Raht, . . . 


1 


1 


35 


27 


28 






90 


) 


5. Hahn, . . 

6. Hahn, . . 


i 
5 


5 

7 


34 
36 


50 
40 


12 
20 






96 
96 


/ AlA + ZnO 
( under 2 7„ 


7. Murray, . . 


2 


3 


39 


32 


25 






96 


8. Schneider, . 


1 


1 


34 


24 


30 


16 




98 




9. Koohler, . . 


1 


1-3 


40 


26 


16 


10 


"4 


96 




10. Page, . . . 


1 


1-3 


33 


36 


16 




7 


92 


) AlA 


11. Ropp,. . . 


7 


S 


30 


36 


16 




10 


92 


( under 5 °L 
Also ZnS 4 % 


12. Greenway, . 


1 


1 


25 


33 


14 


"3 


16 


91 


13. Lower Harz, 


1-6 


1 


17 


35 


7 


6 


20 


85 


AlsoBaSO4l0 7„ 



Seeing that any definite mixture or combination of silicates 
may dissolve and absorb free silica or free base, considerable 
variations are allowable from the above proportions, J especially 
as regards the relative proportions of iron and lime which, in 
non-ziaciferous slags, may replace each other within wide limits. 
It should be borne in mind that — 

Lime must vary inversely with iron and directly with silica. 

Alumina must vary directly with lime and inversely with iron 
and silica. 

Zinc oxide must vary directly with iron and inversely with 
silica and lime. 

As regards silica, with ores not too high in zinc it is frequently 
advisable to aim at a sesquisilicate (No. 7 in the Table), espe- 

* Compendium der Metaliurgischen Chemie, Bonn, 1882, p. 98. 
t When used nowadays these slags are figured 30 : 48 : 12 and 32 : 38 : 20 
respectively. 

J Except as regards No. 11, which seems peculiarly sensitive ; v. Chap. xi. 
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cially when fluxes are scarce and expensive ; for although, on 
the one hand, the fuel consumption is increased, owing to the 
higher fusing point and the higher specific heat of slag con- 
taining an increased proportion of silica, yet, on the other hand, 
the quantity of slag produced is less, and, therefore, with the 
same slag assay the losses of lead and silver will be smaller ; 
besides which the higher temperature of the molten slag assists 
in keeping the crucible in good condition. Slags containing 
over 40 per cent. SiOj are sometimes made, but they are some- 
what viscous and retain much lead as silicate, which can only 
be reduced by greatly increasing the fuel consumption. With 
such highly siliceous slags, moreover, the rate of smelting is 
retarded and there is more danger of forming iron "sows" 
or crucible accretions. 

Unless the proportion of zinc oxide rise above 10 per cent, 
the slag should not run below 30 per cent. SiO„ as, in order to 
get it so low, ferruginous flux has usually to be employed, 
which, besides its cost, raises the specific gravity of the slag and 
so increases its liability to carry away, not only matte, but even 
lead itself. As the jiroportion of zinc rises, the proportion of 
silica may be allowed to run down to 25 per cent., and with 
very barytic ores to as little as 14 or 15 per cent. In ordinary 
circumstances, however, and with any common mixture of ores 
not too rich in zinc, the slags should contain between 30 and 35 
per cent, silica. 

Pormulse of Type-slags. — When the ores are comparatively 
low in zinc and alumina, so that the total of ZnO, AljOj, PbO, 
S, etc., only makes u]) about 10 per cent, of the slag, leaving 
90 per cent, for SiOg, FeO (MnO), and CaO (MgO), a convenient 
rule is to calculate SiOg, PeO, and OaO to 85 per cent, of the 
slag, adding an extra 5 per cent. SiOg for the 10 per cent, of bases 
AlgOg, ZnO, PbO, ifec. The first four leading monosilicate types 
calculated thus are given in Table XVII. (the names "quarter," 
"half," "three-quarters" simply refer to the ratio of lime to 
iron, the latter being unity). 

When alumina and zinc are practically absent, so that SiO„ 
FeO, and CaO add up to 96 per cent., and when MgO and BaO 
are each under 3 per cent., combinations of monosilicates (iron) 
with bisilicates (lime) can be adopted advantageously without 
risk of making the slags pasty. The three type slags in Table 
XVIII. are Nos. 5, 6, and 7 of Table XVI. 

Aluminous Slags. — When the ores are free from zinc or 
nearly so, and so aluminous as to yield a slag with 8 to 12 
per cent. AljOg, and when at the same time iron flux is scarcer 
and more expensive than limestone, type slag N"o. 8 (Table 
XVI.) first made by Schneider is the proper slag to use. It 
somewhat resembles No. 4 of Raht, but alumina replaces part 
of the iron. 
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TABLE XVII. — Formula and Composition of Typical 
Lead Slags. 



Formula:. 


Si02. 


FeO. 


CaO. 


Total. 


1. "(Jimrli.r" Sla;/. 










3 [2FeO . SiOj], 
+ 2CaO . SiOs, . 


.30-6 


55-1 


14-2 


100 


= 


26 


47 


12 


85 


Add 5 per cent. SiOz, 


31 


47 


12 


90 


In practice, .... 


30 


48 


12 


90 


2. "//«(/" Slag. 










3 [2reO . SiOa], 

+ 2 [2CaO . SiOz], . 


31-4 


45-2 


23-4 


100 


= 


27 


38 


20 


85 


Add 5 per cent. SiOj, 


32 


38 


20 


90 


In practice, .... 


32 


38 


20 


90 


3. "Three-quarter" Slay. 










2FeO . SiOa, . . . \ 
+ 2CaO . SiOj, . . . / 


31-9 


38-3 


29 8 


100 


= 


27 


33 


25 


85 


Add 5 per cent. Si02, 


32 


33 


25 


90 


In practice, .... 


33 


33 


24 


90 


4. 1:1 Slag. 










3 [2FeO . SiOj], 

+ 4 [2CaO . SiOi], . 


32-3 


.33-2 


.34-5 


100 


= 


28 


28 


29 


85 


Add 5 per cent. SiOj, 


33 


28 


29 


90 


In practice, .... 


34 


28 


28 


90 



TABLE XVIII. — Formula and Composition of Typical 
Lead Slags. 



Number, 


S. 


6. 


7. 


Foi'mula, 


3 [2FeO . SlOj] 
+ 2[CaO. SiOj]. 


3 [2FeO . SiOj] 
+ 4[CaO.S102]. 


2FeO . SiO, 
+ 2[CaO.SiO]. 


Oxygen Ratio, 


4 : 6. 


5 : 7. 


2 : 3. 




Theory. 


Practice. 


Theory. 


Practice. 


Theory. 


Practice. 


SiOj, . . . 
FeO, . . . 
CaO, . . . 


35-5 = 34 
51-2 = 49 
13-3 = 13 


34 
50 
12 


.39 = 38 
40-2 = 38 
20-8 = 20 


36 
40 
20 


41-3 = .39 
33 = 32 
25-7 = 25 


39 
32 
25 


Total, . . 


100-0 = 96 


96 


100-0 = 96 


96 ! 100-0 = 96 


96 
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The formula of this slag worked out from the percentages 
given is ISSiOj, 7FeO, llOaO, and 2AI2O3, -which gives: — 

9[2(/3Fei-iCa)0 . SiOJ + 2AI2O3 . SSiOj, 
showing an oxygen ratio for the silicates of 1 : 1. 

The slag produced at the Broken HiU works of the Proprietary 
Company (No. 9 of Table XVI.) is also highly aluminous, but it 
is impossible to doubt that the alumina in it plays the part of a 
base, as the slag, though siliceous, has not the marked physical 
characteristics of a bisilicate. Its formula works out as ISSiOj, 
7FeO and MnO, 6CaO and MgO, 2AI2O3, IZnO, which may be 
expressed : — 

3[2FeO . SiOj] + FeO . ZnO . SiO, + 6[CaO . SiO^] + 2ALO3 . 3SiOj, 
or, 

4[2RO . SiOj] + 6[R0 . SiO,] + [2R2O3. SSiOJ, 

showing an oxygen ratio of 1 : 1'3. 

With still larger proportions of alumina and much less silica, 
the former behaves as an acid, and monosilicate aluminate slags 
are formed. Thus, another slag made by Schneider contained 
SiOj 20 per cent., FeO 36 per cent., CaO 25 per cent., and 
AljOg 15 per cent. = 96. Working out the formula from these 
percentages we have llSiOg, 17FeO, 15CaO, and SAlgOg, cor- 
responding to a simple monosilicate, in which part of the silica 
is replaced by alumina, thus : — 

2(HFe i4Ca)0 . (HSiO, A Al^Oj), 
or more simply, 

FeO.CaO.dSiOaJAlaOa). 

According to Hahn,* alumina always acts as a base, but 
almost all metallurgists (including Iles,t Schneider, J Henrich,§ 
and Hofman||) are now of opinion that it plays the part of an 
acid in slags with a low percentage of silica. It would appear 
that first the strongest base (iron) saturates itself with silica, 
next the lime, and then if there is sufiicient silica left over it will 
form a silicate of alumina, while if silica is deficient the alumina 
combines with part of the lime to. form an aluminate. When 
the percentage of silica present is just sufiicient to form mono- 
silicates of iron and lime, the acidity or basicity of alumina will 
be determined by exterior or accidental conditions, such as the 
relative amounts of other bases present, temperature, percentage 
of sulphur, &c. The exact position of the "neutral zone," as 
we may call it, between acidity and basicity of alumina may 
correspond with higher or lower percentages of silica, according 
as the slags are richer in lime or in iron ; generally speaking, 
for any given percentage of silica, slags rich in lime will bear 
more alumina than those rich in iron. 

* Mineral Resources of the U. S., 1882, p. 328. fibid., 1883-4, p. 433. 
t Tram. A.I.M.E., vol. xi., p. 59. %E. and M. J., Dee. 27, 189o'. 

II Metallurgy of Lead, p. 143. 
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Zinciferous Slags "When the proportion of zinc oxide is from 

4 to 8 per cent, it may replace lime in any of the four monosilicate 
slags, 10 parts ZnO being equivalent in neutralising power to 
7 parts CaO. In practice some metallurgists reckon that each 

5 parts ZnO require the lime to be reduced by rather more than 
an equal amount, and the iron augmented to correspond. In 
this way the "three-quarter" slag No. 3 (with Si02 33, FeO 33, 
CaO 24, and ZnO, perhaps, 1 or 2 per cent.) becomes No. 10 
(Table XVI.) (SiOj 33, FeO 36, CaO 16, ZnO 7) when running 
on zincy ores. It is better, however, to diminish the silica 
also; thus, slag No. 11 (Table XVI.) is a very good one for 
zincy ores, its formula beiug 3[2RO . SiOg] + CaO . SiOj, in 
which RisfFe^Zn., 

When the proportion of zinc oxide rises above 10 per cent., 
all ordinary slags become pasty and tend to form accretions 
above the lead. With a monosilicate slag, according to 
Hofman, "16 per cent, is the maximum of zinc oxide with 
which it is possible to run, and this very soon closes up the 
crucible," but Greenway has found that over 20 per cent, of 
zinc oxide can be run without difficulty, provided the slag be 
rich in iron and that SiOg and CaO are kept within very narrow 
liinits, those for the former being between 23^ and 26 per cent., 
and for the latter between 12 and 16 per cent. This is very 
easy when zinc-lead ores are accompanied by much pyrites 
which serves as a flux after roasting, but where pyrites is 
conspicuously absent, as at Broken Hill, it is necessary to use 
a good deal of barren iron ore. 

Slag No. 12 (Table XVI.), produced at the Broken Hill Block 
14. Smelting Works, leaving out the ZnS and PbO present, yields 
on calculation the proportions 42Si02, 40FeO, 6MnO, 20ZnO, 
25CaO, and 3Al20^, corresponding with the formula of a mono- 
silica,te in which part of the silica is replaced by alumina, and 
may be written as follows : — 

20[2FeO . SiOj] + 10[2ZnO . SiO„] + 12[2CaO . SiOJ + 3[2iInO . Al^OJ, 

or more simply, 

2[2RO . SiO.,] + [2R10 . (4SiO., J-ALOj)], 

in which R is f Fe^Zn and Ri is |Ca iMn. 

Slag No. 13 (Table XVI.), made at the smelting works near 
Goslar (Harz), averages only 17 per cent. SiOj and, neglecting 
the BaSO^ in solution, corresponds very nearly with the 
formula : — 

. 4[3RO . SiOo] -I- a;[RO . ALO3]. 

Physical Properties of Lead Slags.— The specific gravity 
of slags has been already referred to. According to lies, the 
average specific gravity of one. hundred gopd slags was 3-691 
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and, as a general rule, 3-4 to 3-6 may be considered as the prac- 
tical limits of ordinary slags. Seeing that ordinary lead-mattes 
run from 5-0 to 5-3, the margin for separation is a narrow one. 

Melting Point. — Schertel determined the melting point of 
Freiberg (ferruginous) lead slag to be 1073° C. lies has lately* 
conducted some experiments on lead slags by the method of mix- 
tures, using pieces of steel placed in the slag run, and comes to the 
conclusion that the average temperature of slag from a furnace 
in good work is about 2000° F. (1094° C). The same author 
quotes Goetz as having found the specific heat of lead slag to be 
0-18, and its melting point 3012° to 2156° F. (1060° to 1180° C), 
which confirms the above result. lies emphasises the fact, well- 
known to all smelters, that the temperature of the slag varit s to 
a great extent independently of the percentage of fuel used, a 
higher percentage of fuel by no means always giving a hotter 
slag. 

It might be supposed that a low melting point would always 
bs a most desirable quality, but this is by no means the case. 
The quantity of fuel required per ton of ore is, indeed, less in 
proportion as the slag is more fusible, but (since the temperature 
before the tuyeres can never rise much above the melting point 
of the slag) both the reducing power of the furnace and the 
separating power of matte from slag are less in proportion to the 
lower temperature of the slag. Besides the cost of fluxes, 
therefore, the necessity of securing sufficient reduction, and a 
sufficiently clean separation of matte, interfere to some extent 
with the formation of the most fusible slag possible. 

All slags when cooling pass through a viscid stage before 
solidifying, though, in the case of a well-proportioned slag of 
definite composition, the change from the perfectly liquid to the 
solid condition is couiparatively sharp and well marked. Hence, 
even a good sing may appear thick or viscid, if the furnace is 
running "cold" from any cause, such as a slight deficiency of 
fuel or wet charges (and especially wet coke). In such a case it 
is necessary to charge-in more fuel. Generally speaking, slags 
high in silica or alumina and lime are less perfectly fluid when 
hot than those high in iron ; the former also soften much below 
the melting point, whereas basic irony slags, which are perfectly 
fluid above their melting point, set and become strong im- 
mediately they cool below this point. 

Crystallisation. — Most slags crystallise more or less completely 
in cooling, the crystallisation becoming more perfect as the rate 
of cooling is slower. When suddenly chilled, as in the operation 
of sampling (best performed by dipping a clean |-inch iron rod 
into each slag pot, withdrawing, and plunging quickly into a 
deep vessel of water), lead slags remain in a vitreous condition, 
and are quite brittle. When cooled more slowly, on the other 
* L^*. of M, Q., vol. xvii., pp. 20-25. 
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hand, they become tough and more or less crystalline. Acid slags 
are more glassy than the basic varieties, and slags high in 
alumina and lime remain in a vitreous condition longer than 
those high in iron and zinc ; the latter element in particular has 
a strong tendency to produce stony slags. It should be borne 
in mind that the crystals which develop in the centre of a cooled 
slag cone are very different in composition to the crypto-crystal- 
line matrix surrounding them. 

REACTIONS OF THE LEAD BLAST FURNACE. 

Keduction and Reducing^ Agents. — The principal reducing 
agents in the lead blast furnace under ordinary conditions are 
•carbon and carbonic oxide ; under exceptional conditions sulphur, 
iron, and metallic sulphides also act as reducing agents. 

Carbon acts directly on metallic oxides at the bright red heat 
of the smelting zone, the product being carbonic acid with easily 
reducible oxides, and carbonic oxide with those which are more 
refractory. 

2PbO + C = Pli, + CO... 
FeO + C = Fo'+ CO.' 

The carbon of the fuel burnt before the tuyeres at a white 
heat is converted chiefly into COg, as proved by Schertel,* but a 
certain proportion is burnt directly to CO. Of the COj formed 
a portion is reduced to CO by contact with glowing fuel in the 
centre of the furnace. A few inches above the tuyeres, therefore, 
the furnace gases contain a large proportion of CO. 

Carbonic Oxide. — The carbonic oxide present in the furnace 
gases immediately above the tuyeres cannot, however, exert any 
action till it rises to a point where the temperature is less than 
1200° C, because it can only reduce by self-oxidation to COj a 
gas which begins to dissociate at that temperature. Hence the 
reducing action of carbonic oxide commences some little distance 
above the tuyeres. It acts by production of CO^ as follows : — 

PbO + CO = Pb -I- CO.,. 
FeA + CO = 2FeO + CO.. 

The amount of COo in the furnace gases is also increased by 
the decomposition of carbonates contained in the ore and 
fluxes, which takes jilaoe above the smelting zone. The de- 
composition temperatures of the ordinary carbonates found in 
smelting charges are as follows:! — PbCOj under 200° C; MgCOg, 
650° C. ; FeCOa, 800° C. ; CaCOg, 850° C + 

According to Iles,§ the temperature of the escaping gases from 
lead blast furnaces in good work may range up to 334° F., but 
the average is only 214° F. (101° 0.). Schertel analysed nineteen 

* Wagner's Jahre-sherichte, 1880, p. 188. + Hofman, op. cil., p. 206. 

i According to Le Chatelier, 812° C. §.V. ofJl. Q., vol. xvii., p. 19. 
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samples of gases from Freiberg blast furnaces, and found on an 
average three times as much COj as CO, besides small quantities 
of hydrogen and of marsh gas. Some of these analyses are given 
in Part ii., Chap. xv. 

Conditions Favourable to Reduction. — The burning of 
carbon to CO or COj is largely influenced by the shape of the 
furnace and by the area of the tuyeres. A distinct contraction 
of the furnace at the tuyere zone (bosh) is accompanied by a 
much more rapid descent of charge there, and, consequently, by 
the accumvilation of a thicker layer of glowing fuel between the 
liquid slag and the unmelted charge. The COj produced before 
the tuyeres in its ascent has to pass through this layer of coke, 
and so becomes converted into CO before reaching the unmelted 
charge. During its slow passage upwards through the constantly 
increasing width of charge, the CO has ample opportunity to 
become oxidised to COj by absorbing oxygen from the ore 
which it reduces. In the case of a furnace with vertical sides, 
however, the layer of glowing coke is thinner and its tempera- 
ture is lower, because the heat is less concentrated ; the COj 
formed, therefore, largely remains as such. 

Similarly, small tuyeres deliver streams of air, which are 
rapidly and completely absorbed by the glowing coke in their 
path to form CO, while the quantity delivered by a large tuyere 
is so great that the oxygen is largely in excess of the available 
carbon at any point close in front of the tuyere ; hence com- 
bustion takes place almost entirely with the formation of COg, 
which in its passage upwards through the thin bed of glowing 
coke has no time to be converted into CO. 

Another factor which influences the reducing action of the 
furnace is the blast pressure. A powerful blast forces its way 
to the centre of the furnace, where both any oxygen unconsumed 
on the way and the COj formed by the combustion find them- 
selves surrounded by an excess of glowing carbon and are rapidly 
converted into CO, which then rises through the charge, exerting 
its reducing effect on the metallic oxides. A weak blast, on the 
contrary, penetrates the charge with difficulty. Such portion 
as reaches the centre is, of course, converted into CO, but a 
large part is burnt to COg in the immediate neighbourhood of 
the tuyeres, and rises through the charge, together with any 
oxygen which has escaped burning without being reduced by 
the iuel. In this way, although there is reduction in the centre, 
oxidising effects predominate all round the shaft. 

Very small charges again, which bring about an intimate 
admixture of fuel and ore in the furnace, increase the reducing 
action; while the use of large charges results in fuel and ore 
reaching the smelting zone successively instead of together, and 
to that extent is not so favourable to reduction. Similarly, a 
fine-ore charge hinders the draught, and causes the furnace gases 
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to become more thoroughly disseminated through the ore cohimn, 
so exercising a very thorough reducing action ; whereas with a 
coarse charge a considerable portion of the blast can escape 
through open channels without exercising any reducing influence 
on the bulk of the ore. 

The rapidity with which coke can be burnt in a furnace of 
given area with tuyeres of given size, and, therefore, the rate 
of smelting, depend upon the pressure of the blast, and any 
increase in this demands a corresponding increase in the height 
of the column of charge, in order to avoid waste of heat 
at the top. High pressure, therefore, and high furnaces mean 
rapid driving, especially when combined with a large tuyere 
area. 

The following conditions are favourable to a powerful reducing 
eflFect : — 

1. High column of charge. 

2. Contracted tuyere zone (boshed furnaces expanding upwards). 

3. Small tuyeres. 

4. Small volume of blast at a high pressure. 

5. Small charges of moderately hne ore. 

Exactly the opposite conditions — viz., low column of charge, 
straight-sided furnaces, and a large number of tuyeres of large 
area supplying a great volume of air at low pressure to large 
charges of coarse material — produce an atmosphere which may be 
neutral or even oxidising in its effects. 

" Tuyere Batio " and " Tuyere Efficiency." — It is unfor- 
tunate that the habit of running furnaces from one general blast 
main, coupled with the use of the cheap and convenient so-called 
"positive blower," have rendered it impossible hitherto to 
ascertain, with any approach to accuracy, the volume of air 
which is supplied to any furnace, and on this account it is not 
possible to properly investigate the character of the work done 
inside the furnace under given conditions. 

In the absence of satisfactory data as to the volume of air 
supplied, it is convenient, for the sake of comparing furnaces of 
different sizes, to make use of certain relations between the 
tonnage of ore smelted, the sectional area of the furnace at the 
tuyere level, and the total area of the tuyeres. The number of 
tons of material smelted in twenty-four hours per square foot of 
sectional area may br called, as first suggested by Lang, the 
" hearth activity," or "nearth efficiency," of the furnace ; this will 
be affected not only by the '-olume of air supplied, but also by 
its pressure. 

As no data are obtainable in most cases with regard to the 
volume of air supplied, it may be assumed to be, for any given 
height of charge-column, roughly proportional to the total area 
of the tuyeres. The number of square inches of tuyere area 
provided for every square foot of effective sectional area between 
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the tuyeres may be conveniently termed the " tuyere ratio " of 
the furnace. With any given size of furnace and fixed "tuyere 
ratio," the quantity of ore smelted in twenty-four hours will be 
directly proportional to the pressure of blast. The number of 
tons smelted in twenty-four hours per square inch of tuyere area 
may therefore be called the " tuyere efficiency " of the furnace. 
The "hearth efficiency" of any given furnace will thus be the 
product of the volume factor, " tuyere ratio," into the pressure 
factor, "tuyere efficiency." These factors are all worked out for 
the furnaces, details of which are given in a subsequent table, 
as well as for the furnaces smelting silver ores without lead, 
described in Part ii.. Chaps, xiv., &c. 

Both " tuyere ratio " and " tuyere efficiency " are of the utmost 
importance as affecting not only the capacity of the furnace, but 
also the quantity of matte produced from a given charge and the 
possibility of smelting imperfectly roasted ores, and they will be 
again referred to in subsequent chapters. 

Composition of the Ore Charge. — The composition of 
various lead ores before roasting has been given in Table XII., 
page 75 ; and the following Table XIX. gives the composition 
of certain roasted lead ores as well as of two " natural carbonate " 
ores added for comparison. 

Reactions of the Ore Components. — Some raw ore being 
added to the roasted ore the chemical composition of the ore 
charge is often very complex. The different substances present 
behave as follows : — 

Lead oxide in powder or in porous lumps is partly reduced in 
the upper part of the furnace direct to metallic lead by carbonic 
oxide. Slagged or sintered masses are, however, impermeable to 
the furnace gases, and their reduction is only effected in the 
smelting zone by direct contact of the drops of molten oxide with 
glowing fuel. 

Lead silicate is unaffected by CO, and even by contact with 
glowing carbon, except in the presence of a more stable base ; 
basic lead silicates only give up a part of their lead, leaving 
an acid silicate. This is, however, readily decomposed by FeO, 
and at a much higher temperature by CaO also, and the PbO 
set free is reduced to metal by hot coke. The ferrous oxide 
acts equally well whether in a free condition, reduced from 
ferric oxide in raw or roasted ore, or combined with silica, from 
which combination lime will set it Iree in the smelting zone. 
In ordinary lead furnaces more or less metallic iron is reduced 
from its oxide in the hottest part of the furnace in contact with 
glowing coke, and this iron acts as a powerful reducing agent for 
the liberation of lead from both oxide and sulphide. 

In connection with an excess of lime or other base, the 
sulphides of iron, calcium and barium, may act as reducing 
agents. These sulphides may be formed by reduction of their 
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respective sulphates or by the action of pyrites on the bases, 
and their mode of action is as follows : — 

2FeS + 4CaO + SPbjSiOi = Fe^SiOi + 2Ca2Si04 + 3Pb. + 2SO2. 

Lead sulphide is acted upon in the hottest part of the furnace 
by metallic iron, or by mixtures of ferrous silicates with carbon, 
and reduced to metal with formation of ferrous sulphide, but 
the reaction is never complete, some lead always remaining as 
sulphide in the matte — 

2PbS + FeO + C = Pb + PbS . FeS + CO. 

Percy gives * an equation, according to which the presence of 
carbon is not necessary to the reduction of PbS by means of 
iron silicate, thus, 

3(2FeO . SiOs) + 5PbS = 4FeO . SSiOj + 2(PbS . FeS) + 3Pb + SO^, 

the monosilicate becoming a sesquisilicate which has no further 
action upon PbS. At a higher temperature more lead can be 
expelled from the matte by the action of fresh iron, so that the 
proportion of lead in the matte varies almost entirely with the 
temperature. Berthier stated that lime also reduced lead from 
its sulphide, but, according to the experiments of Jordan,! there 
is no action between the two bodies at any temperature, whether 
in presence of carbon or not. 

A certain proportion of lead is always liberated from lead 
sulphide above the smelting zone by reaction with oxide and 
sulphate, according to the characteristic equations given in 
Chap. ii. In some cases this reaction may become of the very 
highest importance, and nearly the whole of the sulphur present 
in the charge, even when amounting to 8 or 10 per cent., may 
be expelled as SOj almost without any formation of matte. The 
conditions upon which this reaction depends have been already 
touched upon in this chapter, and will be further discussed 
in connection with the description of Block H Works (Port 
Adelaide).:]: 

Finally, lead sulphide may be reduced to metal by the direct 
action of zinc vapours (themselves arising from the reduction of 
oxide in contact with carbon) producing zinc sulphide. 

It is to be noted that most of the lead lost by volatilisation 
is in the condition of sulphide, as shown by the analyses of lead 
fume from blast furnaces run with a cold top. 

Lead sulphate behaves in several ways. Usually the largest 
part reacts upon lead and other sulphides above the smelting 
zone, liberating metallic lead and SOg. Another portion is 
probably reduced to PbS, and a third portion, in contact with 
free silica or with acid silicates, is converted into lead silicate ; 

* Metallurgy oj Lead, p. 59. t Quoted by Percy, op. dt., p. 55. 
J V. Chap. xi. 
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the lead sulphide and silicate thus formed are acted upon as 
above described. 

Ferric oxide and magnetic oxide are reduced by CO to FeO, 
which combines with silica to form the basis of a slag. In the 
smelting zone, part of the iron is still further reduced to metal, 
which then decomposes lead sulphide, as already explained. 

Ferrous sulphate can hardly exist in large proportion, but 
when present in roasted ore is decomposed to FejOg and SO3. 

Ferrous sulphide in an ore charge chiefly runs through the 
furnace unaltered ; part of it, however, may undergo the double 
decomposition with lead silicate already described on the pre- 
ceding page. 

Pyrites, FeSj. — It is sometimes reckoned that pyrites, when 
added in the form of raw ore to the furnace charge, consumes an 
equivalent quantity of metallic iron, according to the equation — 

FeS2-l-Fe = 2FeS.* 

Others, again, have supposed, with more reason, that one atom 
of sulphur is given off in the upper part of the furnace, FeSj 
thus becoming FeS. According to the experiments of Valen- 
tine,f pyrites does not give off as much as one atom of sulphur 
when heated in a current of furnace gases (N, CO, OOj). After 
one hour's exposure to a temperature of 1250° F. the residue 
still contained 37 per cent. S, showing that only a little over 
one-third liad been volatilised ; the greater portion of this, 
moreover — viz., 12 per cent. (23 per cent, of the total sulphur 
present) — was expelled in the first ten minutes. It seems 
probable that with charges rich in pyrites from a foui-th to 
a third of the S would be expelled at a temperature of 500° C, 
or sulficiently below that at which Fe^Oj begins to be reduced 
to metal, and that, therefore, at most only one-fourth instead 
of one-half the contained sulphur has to be reckoned as an iron 
consumer. 

According to Henrich,J pyrites may act directly upon lead 
sulphate, just as in the experiments of Percy it was found to act 
directly upon PbO. In the case described, so-called "carbonate " 
ores (consisting chiefly of anglesite) were smelted direct with 
pyrites containing silver, and very little matte was produced, 
most of the sulphur seeming to be burnt to SOj. Henrich gives 
the reaction as — 

2FeS2 + 5PbS04 + SiOa = 5Pb + FeSiOi + 9SO2. 

As a matter of practical experience it is found that with pyritic 
ores the amount of sulphur expelled is largely a matter of blast 
and of the speed at which the furnace is run, slow running 
generally diminishing, and fast driving increasing, the proportion 

* Hofman, Metallurgy of Lead, p. 145. 

+ Desulphurisation of iron ores, Trails. A.I.M.E., vol. xviii., p. 78, &c. 

i M. and M. J., Sept. 22, 1893. 
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of matte produced from a charge with fixed percentage of sul- 
phur, other conditions remaining the same. 

Manganese oxides are reduced to MnO and enter the slag. 
Manganous oxide can replace ferrous oxide in all proportions, 
the slag being somewhat more fusible and even cleaner than iron 
slags. Church* in smelting carbonate concentrates at Tombstone 
(Ariz.) to a 314-oz. bullion, produced slag of the following com- 
position : — 

SiO., FeO MnO GaO MgO ALO.; Pb per cent. Ag oz. per ton. 
29-60 11-56 43-25 7-50 trace. 6-34 1-4 trace. 

He notices one defect of slags rich in manganese, which is their 
very slight power of taking vip sulphur and other impurities, 
such as speiss, (probably also barium and other sulphides). 
Pearce t also refers to the oxidising power of manganese on 
blende, giving a case of a slag produced in smelting silver-copper 
ores in a reverberatory furnace which contained SiOg 48 per cent., 
MnO 30 per cent., ZnO 12-5 per cent., while 3 per cent, of Mn 
also entered the matte. He points out that the presence of a 
large percentage of manganese in the slag ensures all the avail- 
able sulphur going into the matte, and that so long as any 
manganese is present in the latter the copper is safe from slagging. 

Chalcopyrite in raw ore loses about one-fourth of its sulphur, 
and melts down into a "matte" ; other copper sulphides enter 
the matte unchanged. 

Cuprous and Cupric Oxides. — The affinity of copper for sulphur 
being greater than that of any other metal, it passes into the 
matte, provided there be sufficient sulphur present ; otherwise 
it will be reduced to metal and alloy with the lead. In order to 
get a perfect separation of copper in matte, however, the slags 
must not be too ferruginous, for with very ferruginous basic 
slags some of the sulphur is taken up by iron in the slag, 
and an equivalent proportion of copper goes into the lead. 
Slags fairly high in lime, therefore, give cleaner lead when 
running on coppery ores. 

The formation of cuprous sulphide from the oxide may take 
place in two ways. Either the oxide may be first reduced by 
CO and carbon to metal, which then acts upon ferrous sulphide, 
or a double decomposition may take place direct with the ferrous 
sulphide without previous reduction, according to the reaction : — 

4CuO -1- 2FeS + SiOo -I- C = 2CU2S + 2FeO . SiO^ -I- CO^ 

If the copper oxide is first reduced to metal, the reaction may 
be— 

2Cu + 2FeS = CuS + Fe . FeS. 

The metallic iron liberated and dissolved in the excess of PeS 

is at once disposed of by reaction upon lead sulphide or upon 

* Trans. A.I.M.E., vol. xv., p. 612. t Ihid., vol. xi., p. 59. 
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ferric oxide. Some have supposed the existence of a subsulphide 
of iron with the formula Fe^S, but no definite body of the kind 
has yet been prepared, and the principal reason for assuming its 
existence is that the sulphur in lead mattes is frequently 
insufficient in quantity to satisfy the metals. On the other 
hand, metallic iron is sometimes found in mattes and it is more 
reasonable to suppose that it exists dissolved in the hot matte, 
just as copper undoubtedly exists dissolved in the regulus 
known as " pimple metal " when hot, though it separates out on 
cooling. 

Arseniates are partially decomposed by heat, especially in 
presence of pyrites, the arsenic being to a small extent volatilised 
as AS.2O3 and partially reduced to arsenides. In small propor- 
tion these arsenides are carried away, partly into the slag and 
partly into the matte (a trace only entering the work-lead) ; but 
when the proportion is at all high an iron speiss is formed, 
which contains notable amounts of Pb, Cu, and Ag, and from 
which these substances can only be recovered with difficulty and 
at some considerable expense. Such portion of the arsenic as 
may become volatilised carries with it into the fume both lead 
and silver, thus increasing the volatilisation losses of these 
metals. By far the larger part of the arsenic, however, if any 
great quantity is present, combines with metallic iron to form 
speisses of various compositions, the most common being Fe^Asg 
and FegAsj. Arsenic in a smelting charge, unless very small in 
amount, should be calculated to FejAs^. 

With very arsenical ores it is advisable to make slags which 
are high in lime and somewhat more acid than the monosilicate 
type, even a sesquisilicate (No. 7 of Table XVI.) being some- 
times used in order to keep the temperature of the pool of slag 
above the crucible as high as possible, and so prevent chilling 
of the speiss. 

Antimony has less tendency than arsenic to form speiss but 
quite as much to volatilise, carrying with it lead and silver, 
while it possesses the additional disadvantage of readily alloying 
with the work-lead, its separation from which introduces com- 
plications in the refining process. Antimonial speisses, when 
formed, always contain copper, and rarely much iron, unless 
arsenic be also present ; they absorb more silver than arsenic 
speiss. 

Antimoniates are reduced to antimonides, which then chiefly 
dissolve in or become alloyed with the lead, though a portion 
may enter the speiss or matte. 

Antimony sulphide behaves in the main like lead sulphide, 
except that a much larger proportion is volatilised. The 
antimony reduced by metallic iron alloys with the lead, that 
portion, however, which is volatilised and converted into oxide 
carries away with it notable quantities of lead and silver. 
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Gold and Silver, in whatever condition present, are reduced 
to metal, and alloy mainly with the lead. A smaller proportion 
of the silver, however, passes into the matte (chiefly owing to 
incomplete decomposition of silver sulphide), and a still smaller 
proportion into the speiss, if any is made. Traces of gold always 
accompany the silver, but the concentration of this metal in the 
lead is much more perfect than that of silver. Some silver is 
volatilised, but the amount is usually inconsiderable, unless 
haloid compounds of silver are present in the ore. 

Alumina is generally unimportant in lead ores, but, as already 
seen, it sometimes becomes necessary to figure it as an essential 
part of the slag. Reference has been already made to the part 
played by alumina in slags high in lime and low in silica. 

Magnesia in a lead ore is calculated to lime, but it does not 
replace lime so efficiently, magnesian slags, besides requiring 
a higher temperature to melt them, being always streaky and 
more or less "mushy." According to Hofman,* " magnesia and 
zinc oxide appear to intensify each other's property of being 
difficult to slag. In a slag with 8 per cent. Zn and 2 to 3 per 
cent. BaO, even 2 or 3 per cent, of magnesia shows a decidedly 
bad efioct, and 5 per cent, causes a great deal of trouble." 
Magnesia appears, however, to be not nearly so objectionable 
in slags with high alumina — perhaps on account of the formation 
of spinel. 

Lime decreases the specific gravity of a slag and raises its 
specific heat. Slags rich in lime, therefore, separate from matte 
more readily than irony slags, and do not chill so quickly ; on 
the other hand, they melt only at a high temperature and require 
a somewhat larger amount of fuel. To a limited extent lime 
at a high temperatvire can act directly on slag already forriied, 
expelling PbO and CuO from their silicates and assisting to 
produce a clean slag. 

According to Schneider, f lime, besides acting as a strong 
base, diminishes the amount of matte formed in the furnace, 
and also the amount of lead going into the matte ; this he 
explains by the formation of calcium sulphide, which is carried 
away by the slag in igneous fusion. The experiments recorded 
by PercyJ would seem to contradict this view, which is, how- 
ever, held by many experienced metallurgists. 

Calcium sulphate in the ore- charge with a reducing atmo- 
sphere and basic slags is partly reduced to calcium sulphide, 
which is removed in the slag as above. With acid slags, SOg 
is expelled and practically all of the lime slagged as silicate. 

Barytes is partly reduced to barium sulphide by contact with 
carbon, and partly through the action of FeS or metallic iron 
converted into barium silicate, which, though itself compara- 

* Op. cit., p. 141. + Tram. A.I.M.E., vol. xi., p. 58. 

t Metallurgy of Lead, p. 55. 
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tively infusible, forms with iron very fusible double silicates. 
The reactions are — 

3BaS04 + 4Si02 + FeS = SBaSiOs + FeSiOa + 4SO2 
BaSOi + 2Si02 + Fe = BaSiOs + FeSiOj + SO2. 

It is probable, however, that most of the baryta in lead slags 
exists in the condition of BaSO^, for slags high in BaO leave 
a large residue of BaSO^ when decomposed with HOI. Such 
is certainly the case with the very basic slags of Julius and 
Sophien-hiitte near Goslar (Harz) already referred to. 

Under appropriate conditions BaS also enters the matte; 
thus the mattes made under very exceptional circumstances in 
the Altai for the past forty years have carried from 15 to 20 per 
■cent, barium, the slags being very siliceous, and carrying 5 to 15 
per cent. BaO.* 

Fluorspar is not of very common occurrence in lead ores, but 
its extreme fusibility renders it a valuable flux when it happens 
to occur as gangue matter. It possesses also the useful property 
of assisting in the fluxing of calcium and barium sulphates, and 
their being carried away in the slag in that form. 

Zinc oxide in the roasted ore chiefly goes into the slag, for, 
although simple silicates of zinc are very infusible, the basic 
double silicates, which zinc forms with iron and in a less degree 
with lime and baryta, melt with comparative ease, although the 
latter are always somewhat pasty. If the proportion of zinc is 
more than about 8 per cent, in a high lime slag, or 16 to 20 per 
cent, in a -slag carrying 12 to 15 per cent, lime, it becomes 
pasty and so heavy as not to separate readily from the matte. 

A considerable proportion of the zinc oxide escapes slagging 
and is reduced by CO in the smelting zone to metallic zinc 
vapours, which, together with those liberated from zinc sulphide 
by the agency of metallic iron, ascend with the furnace gases and 
condense in the upper part of the furnace. Part of the zinc 
vapour is re-oxidised by COj at a temperature slightly below 
that at which it was reduced by CO, and another part in contact 
with SOg and carbon may be reconverted into sulphide. The 
resulting mixtures of metallic zinc, oxide and sulphides of zinc 
.and lead in variable proportions, which condense on the walls 
(the so-called wall accretions), form exceedingly tough masses 
most difficult to detach. If not "barred off" in time, they con- 
tinue to grow, contracting the sectional area of the shaft, and 
interfering with its regular working so much as to compel the 
furnace to be blown out. 

Such portion of the vaporised zinc as may escape condensation 
is re-oxidised in the cool upper part of the furnace and carried 
into the flue dust as oxide or sulphate. 

* Crookes and ROhrig's translation of Kerls' Metallurgy, vol. i. , pp. 163 

.et seq. 
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Zinc sulphide is much more objectionable than the oxide, for 
it passes in much smaller proportion into the slag and renders it 
much more pasty. It is important, therefore, to roast blende 
ores whenever possible before smelting ; but even if this be done 
some zinc always remains as sulphide and a certain proportion 
will be found in much of the ore treated raw. Zinc sulphide in 
the charge passes in about equal proportio s into the slag and 
into the matte, rendering both pasty and much less fusible, and 
carrying away into both matte and slag some of the silver which 
ought to follow the lead. The pastiness of both matte and slag 
much increases the difficulty of separating them, and gives rise 
to the production of quantities of foul matte-bearing slag which 
has to be resmelted. 

When the conditions favour powerful reduction, some of the 
zinc sulphide is acted upon by metallic iron in the hottest part 
of the furnace with the production of vapour of metallic zinc, 
which, together with that reduced from the oxide, goes to choke 
up the cooler part of the furnace. 

Zinc in large quantity, therefore, not only increases the diffi- 
culty of working the furnace, owing to the pastiness of slag and 
matte which it causes and the wall accretions which it forms, 
but actually increases the losses of silver and lead in slags, 
matte, and flue dust. Unfortunately, blende is the commonest 
associate of galena and, therefore, the two ii inerals should be a& 
far as possible separated before the latter is submitted to the 
smelting process. To some extent this can be done by dressing 
operations, but the separation is at best imperfect entailing much 
loss of lead and silver in slimes, besides which the blende itself 
commonly carries a notable proportion of gold and silver, and 
there always remains a good deal of a "middle product" con- 
taining both lead and zinc. 

It being, therefore, in a majority of cases impracticable to 
completely separate the zinc from the had before roasting, a 
good deal of attention has been devoted to its separation from 
the roasted ore before the smelting operation. The various 
methods for doing this will be found described in Chap. xiv. 
It should be borne in mind, however, that slags containing up to 
16 per cent, of zinc, if properly composed, can be handled 
without much difficulty.* 

FUELS EMPLOYED. 

The fuels best suited to blast furnace treatment are coke and 
charcoal, either used together or separately in various propor- 
tions. Coal and wood have been tried as partly replacing coke, 
and the result of experiments in their use will be detailed, but, 

' V. also Chap, xi., where the practice at the Broken Hill Block 14 Works,. 
Port Adelaide, is described in some detail. 
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generally speaking, it may be stated that the drawbacks to their 
use are — First, that their coking in the upper part of the smelting 
zone absorbs heat just where it is most wanted, while tending 
to heat the charge near the top, which should be kept cool. 
Second, that the sudden changes in volume, due to the pro- 
gress of the carbonisation (especially of wood), and the increase 
in the quantity of gases given off, tend to increase the vola- 
tilisation of lead, and generally to cause irregularities in the 
furnace working. 

Coke and Charcoal.— Com |)aring coke with charcoal it is 
to be noted that, on account of the tendency of all lead com- 
pounds to sinter together at a low temperature, comparatively 
little reduction can be effected by CO, and actual contact of 
molten drops of oxides and silicates with masses of glowing fuel 
has principally to be depended upon. Since CO, therefore, 
plays but a small part in th« economy of the furnace, the fuel 
should be burned before the tuyeres as far as possible to COj, so 
as to give out as much heat as possible just where it is most 
needed ; at the same time, the portion of the charge above the 
smelting zone should be kept as cool as possible, so as to prevent 
the COj from being reconverted into CO by taking up carbon 
according to the reaction COj -h = 2C0 with consequent waste 
of fuel and loss of heat. 

Coke fulfils these conditions much better than charcoal, for, 
owing to its greater density and less porosity, much more COj 
is proiiuced in burning it before the tuyeres than is the case 
with the latter ; while its higher igniting point renders it much 
easier to keep the smelting zone concentrated into a narrow belt 
and prevent the heat from rising (with consequent waste of fuel, 
increased volatilisation, decreased porosity of the charge, and 
other disadvantages which follow a rise of heat), which is so 
liable to occur when charcoal is exclusively used. 

Another advantage possessed by coke over charcoal is its 
greater strength, which enables it to resist the weight of a much 
higher column of charge without crushing, and this is very im- 
portant, especially when dealing with mixtures poor in lead and 
rich in iron requiring much lime flux, for it is impossible to 
properly smelt such mixtures except in a high furnace. 

Charcoal labours under the disadvantage of breaking up in 
handling, and of crumbling or decrepitating in the furnace. 
Crushed charcoal is not only worthless as fuel, but makes 
unclean slags and increases the amount of flue dust. On the 
other hand, charcoal has less ash than coke, keeps the charge 
more open (on account of its greater bulk), and is more porous; 
hence weight for weight a fuel charge of mixed coke and char- 
coal will smelt more ore in a given time than one composed 
wholly of coke. The fuel consumption when using charcoal 
alone is, however, excessive, owing to the crushing which takes 
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place, often reaching 30 to 40 per cent., so that a large propor- 
tion of coke is used when at all possible. Charcoal, moreover, 
deteriorates rapidly when stored, hence it is best used fresh. 

The common practice among American lead smelters a few 
years ago was to use a mixture of coke and charcoal, by which, 
to some extent, the combined advantages of strength and 
porosity were realised, the coke supporting the charge, while 
the charcoal igniting first burnt away quickly leaving hollow 
spaces among the coke for the blast to penetrate. With modern 
high furnaces of ample size and slags rich in lime, however, there 
are many advantages (besides economy) in using coke exclusively, 
as, against a trifling decrease in furnace capacity and increase in 
quantity of slag formed, can be set the cleaner slags and smaller 
amount of flue dust. The coke used in Western America is 
very soft and ashy, the published analyses being no criterion of 
the latter point. Thus of cokes which are supposed to contain 
from 12 to 15 per cent, ash, like most of those from Southern 
Colorado and New Mexico, the author has frequently lound 
trucks with as much as 21 to 23 per cent, ash, and has had 
whole train loads averaging 19J per cent. This has to be 
considered in the consumption. 

Anthracite of goose-egg size has been substituted by Ropp* 
for part of the coke charge of a furnace, with the result that 
when 60 per cent, of the coke was so replaced the furnace 
capacity was reduced by one-third, the working remaining 
normal in other respects, the furnace top being cool and the 
crucible hot, while the slags were clean and matte and speiss 
both low in lead. With charges containing 7i per cent, zinc, 
smaller wall accretions seemed to be formed than when using 
coke alone. 

Bituminous coal of assorted sizes from pea to lump has been 
used by Neillf to replace charcoal and part of the coke in a 
mixed fuel charge of coke and charcoal. With 27 per cent, of 
bituminous coal the crucible kept more open, the lead and slag 
appeared hotter, the tuyeres brighter, and the slag was cleaner 
than when coke alone was used. The smoke was thicker, but 
there was no more flue dust on account of the furnace top being 
cooler. The charges settled more evenly, and fewer zinc accre- 
tions formed than with coke alone. 

Bituminous coal was also employed successfully by Austin}; 
at the Germania Works, Salt Lake City, for eighteen months, 
but was abandoned owing to the arsenical and coppery ores 
smelted, as it was found to increase the amount of " top crusts " 
formed on the lead. At these works the fuel charge of 14 per 
cent, coke and 2 per cent, charcoal, which cost $1.33 per ton of 
ore, could be replaced by 9 per cent, coke, 2 per cent, charcoal, 

* Trans. A.I. SI. E., vol. xx., p. 171. \ Ihid., vol. xx., p. 165. 

XE. and M. J., Dec. 15, 1894. 
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and 6 per cent, nut coal, costing $1.07 per ton of ore smelted. 
Austin notes that coal produces a very explosive mixture at the 
feed floor, and that it tends to make the charge denser, so 
increasing the danger of this explosive mixture cmuing back 
into the blast main. He says — (1) That coal can only be 
profitably used when the saving in price over coke is con- 
siderable ; (2) that it should always be combined with charcoal 
to counteract its density ; (3) that the total fuel charge should 
be from 1 to 2 per cent, more than with coke alone ; (4) that 
the feeding should be even and carefully watched; and (5) that 
it should not be used with ores carrying much arsenic and 
copper. 

Gaseous fuel has been tried in the blast furnace, and replaced 
successfully as much as 30 per cent, of the coke charge. The 
substitution could hardly be a success financially, and from 
what has been said about the comparative reducing efiects of 
solid carbon and of CO or other gaseous reducing agent, it is 
obvious that the replacement of solid fuel could, under no 
circumstances, be carried much further in the blast furnace. 

Amount of Fuel Required. — The quantity of fuel required 
per ton of ore smelted is least : — 

1 . With ores rich in lead and, therefore, producing less slag. 

2. With ores having a fusible gangue and comparatively free from zinc, 
magnesia, and other refractory ingredients. 

3. With coarse ore, which permits free penetration of the blast and quick 
running of the furnace. 

4. At the level of the sea, where the quantity of blast required is less. 

5. In summer when the blast, being already at a temperature, say, 30* 
to 50° above that of winter, the fuel required is fractionally less. 

6. In dry weather generally, when there is least moisture to be evapor- 
ated from the fuel, ore, and fluxes. 

It is, of course, greatest under diametrically opposite 
conditions — i.e., poor ores witli refractory gangue in a fine 
condition, smelted at high altitudes in wet weather. The 
variations are in practice with coke from 12 to 22 per cent., 
with charcoal 20 to 28 per cent., and, in exceptional cases, even 
over 30 per cent. 
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CHAPTER VIII. 



BLAST FURNACE LEAD SMELTING— PLANT. 

General Arrangement. — The general arrangement of a smelting 
plant, though perhaps more a question of engineering than of 
metallurgy pure and simple, is very important ; for modern 
metallurgy is becoming more and more a question of engineering 
and less of empirical rule of thumb. A blast furnace plant 
always requires three levels — viz., those of the ore-delivery floor, 
feed floor, and slag dump. Where the site permits, there should 
be at least 8 feet between the first and second, and at least 
16 feet each below the other two. In default of natural fall, 
however, elevators or hoists may be used for the feed floor, and 
in that case only sufiicient fall is required to get in ore bins 
above the feed floor and to get away the slag at the dump level. 
The remaining details of arrangement will depend upon the site 




Fig. 51. — Common Arrangement of Smelting Purnace. 

available, the railroad communications, the composition of the 
ores to be treated, and the regularity, or otherwise, of their 
supply ; they vary so much that only practical experience can 
give the student some insight into the question.* A common 

* For further information the student may be referred to Locke, Smelting 
Plants, Cincinnati, 1883 ; and to Hofman, Metallurgy of Lead, pp. 168 to 
175. Detailed descriptions of existing smelting plants are also given in 
papers hy the author and J. W. Malcolmson in Proc. hist. Civ. Eng., 
vol. cxiv., part ii. 
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arrangement of furnace with dust chamber and feed floors is 
shown in Fig. 51. 

General Consideration of Details. — Lead smelting blast 
furnaces were formerly built of brick or stone throughout, 
rectangular in section, blown by tuyeres in the back wall of 
the furnace only, and provided witli an interior crucible or 
sump which was tapped at intervals into a "tap-pit" in front 
of the furnace. They were commonly made wider at the tuyere 
level than above, and may be seen figured in any of the older 
works on the metallurgy of lead. Their great disadvantages 
were — (1) Low temperature in the smelting zone, causing in- 
complete reduction of lead and separation from slag and matte. 

(2) Comparatively high velocity of the effluent gases, which caused 
a high temperature at the mouth of the furnace, an excessive 
consumption of fuel, and a very high loss of lead by volatilisation. 

(3) Small capacity with its inevitable concomitants, high cost of 
treatment, and great irregularity in working. (4) Inaccessibility 
of the interior and want of control over the furnace working 
except by blowing out. These furnaces are now quite extinct, 
having been replaced everywhere, by liigher furnaces, circular 
or oblong in section, having their walls protected by exterior 
iron casings and provided with tuyeres arranged symmetrically 
round the exterior instead of only at the back. The area at the 
tuyeres is kept constant either by the use of water tuyeres 
(Harz) or water blocks (Przibram), or, more commonly, by 
water-jacketing the whole smelting zone of the furnace. The 
two former systems are still in use to a limited extent in parts 
of Europe, but the latter have so many advantages that their 
use is to be recommended in every case where sufficient supply 
of water is obtainable at a reasonable cost. Where water is 
very scarce and refractory material easily obtained, there is 
much to be said in favour of the water-block and water-tuyere 
system, especially when the supply of ore is irregular. 

The tuyere area in modern furnaces is almost invariably con- 
siderably less than the throat area, which is advantageous in two 
ways : — {a) because, by keeping the tuyere area small, the tem- 
perature of the smelting zone is high, a condition conducive 
to good reduction of lead and production of clean slags ; and (6) 
because the widening towards the feed floor causes a diminished 
velocity in the ascending current of furnace gases, which pro- 
motes the absorption of the heat they contain b}' the cold 
charges, and greatly reduces the amount of lead carried off as 
flue dust and fume. Asa rule, with circular furnaces the dia- 
meter increases gradually from the tuyeres to the throat, while 
rectangular furnaces are built with a bosh, which is preferable 
on account of the clearer definition of the smelting zone which 
it secures. In either casf the area at the throat should be from 
two to two and a-half times that at the tuyeres, in order to 
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ensure that the velocity of the gases shall be sufficiently 
slackened. 

Lead furnaces may be charged either from the feed floor level, 
the fumes being removed by a downtake flue below the floor, or 
by means of charging doors in a chimney, or hood of brick, or 
sheet iron forming a continuation of the stack, in which case the 
gases and flue dust are taken off by an overhead downtake. 
Both arrangements are employed for oblong as well as for circular 
furnaces, but the former is more common. 

The height of modern furnaces varies chiefly with the nature 
of the ores to be smelted. Ores rich in lead and producing a 
ferruginous slag are comparatively easy to smelt at a low temper- 
ature, which can be obtained with a low pressure of blast, and, 
consequently, a moderate height of 10 to 14 feet above tuyeres 
is sufiicient. Ores poor in lead and rich in silica, to which a 
large quantity of limestone has to be added in order to form a 
calcareous slag, require, on the other hand, a high temperature 
and long continued heat in the smelting zone, only obtained 
by the use of a high pressure blast ; consequently, a greater 
height of from 16 to 20 feet is required in order to prevent heat 
from being wasted at the surface of the charge. 

The number of tuyeres, formerly from one to three, has been 
increased both in circular and in oblong furnaces to from eight 
to fourteen, according to the size of the furnace. The smallest 
number now employed in practice is five (Clausthal), but what- 
ever the number, they are evenly distributed round the furnace. 
The diameter of tuyeres varies between 2|- inches and 4 inches, 
but 3 inches to 3^ inches are the sizes most commonly employed. 

The distance across the furnace between the tuyeres varies in 
circular furnaces from 36 inches to 60 inches, but in oblong 
furnaces only from 32 inches to 42 inches. Increasing the size 
of circular furnaces, of course, results in greater capacity, but by 
no means in proportion to the increased area, while the pressure 
of blast has to be augmented in order to ensure penetration to 
the centre of the charge. The augmented blast-pressure requires, 
in order to preserve the reducing action, simultaneous increase 
in the height of the furnace, and is accompanied by the disad- 
vantages of increased loss by volatilisation, and of' a creeping 
upward of the smelting zone which reduces the temperature at 
the tuyeres. With circular furnaces of moderate height, more- 
over, the fuel has to be thrown towards the centre in order to 
allow the blast to penetrate and prevent the formation of a 
chimney of unmelted charge, while with oblong furnaces fuel, 
ore, and fluxes may be spread in even layers, which gives better 
reduction. The capacity of an oblong furnace may be doubled 
by simply doubling its length without interfering with its 
breadth or altering any other condition, whereas doubling the 
sectional area of a circular furnace does not result in doubling its 
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capacity, unless the height and the blast pressure are increased 
proportionately at the same time. 

For basic ores rich in lead and poor in silver producing fusible 
ferruginous slags, where the high volatilisation loss is compar- 
atively unimportant, large circular furnaces may be employed 
with advantage (e.g., Spain) ; but with ores poor in lead and rich 
in silver, and especially in cases where the slags produced are 
high in silica and lime, the oblong form is far preferable (United 
States, Mexico, Australia). The blast pressure employed with 
circular furnaces varies according to the height of the furnace 
from I inch to 1|^ inches of quicksilver (6 to 12 ozs. per square 
inch) with a diameter of 36 inches to 42 inches. With larger 
circular furnaces of from 48 inches to 60 inches diameter the 
blast pressure must be increased to 2 inches ( = 1 lb. per square 
inch) and even to 2^ inches or 3 inches (=20 ozs. to 24 ozs.), if 
the ores are at all infusible. 

Lead furnaces may be provided with an interior " sump," 
which is tapped at intervals into an exterior "tapping box," or 
they may have an interior " well " or " crucible," which is always 
kept full of lead, and which communicates by means of a channel 
called the " syphon tap " with an iron pot, from which the lead 
can be ladled almost continuously. The former is the old 
arrangement still used in a few German lead furnaces, but now 
almost everywhere obsolete ; the latter arrangement being in 
almost universal use. One great disadvantage of the sump 
furnace is that the operation of tapping interferes with the 
regular working of the furnace, a large mass of unsmelted 
material being suddenly lowered through the smelting zone, and 
the sudden contact of solid material with the bottom of the 
hearth, when the bath of lead is removed by tapping, is liable to 
give rise to the formation of "sows" and "bottom crusts," 
especially as during the tapping operation the blast has to be 
turned off for a while. Crusts will occasionally form on top of 
the lead in a crucible furnace but they are much more easily 
removed (by taking down a jacket) than in the case of those 
formed in a sump furnace. 

The syphon tap for continuous discharge of lead from the 
crucible is an improvement of a very old form of exterior fore- 
hearth described and figured by Karsten ; it was invented by 
a Clausthal metallurgist called Arents, and was first tried in 
Nevada, from whence it spread to every lead smelting district 
in the world. It is shown in Tig. 60, which represents an 
American circular water-jacket furnace ; it consists simply of 
a tube built in the firebrick wall of the crucible and connected 
at the top with a basin-shaped depression in the same, which is 
sometimes provided with a cast-iron casing and is called the 
" lead well." Owing to the pressure on the lead in the crucible 
caused by the weight of slag and charge floating on it, the level 
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of the lead in the well is always some inches above that of the 
inside of the crucible, and with charges poor in lead there is 

some tendency to chill in the 
tube, which is guarded against 
by inserting in it from time to 
time red-hot iron bars. Be- 
sides the greater regularity in 
furnace working and the a- 
voidance of "sows," the use 
of the "automatic tap" re- 
sults in a smaller production 
of dross. It is, however, not 
to be recommended in the case 
of very coppery charges (as, 
for example, in concentrating 
lead matte containing up- 
wards oi 12 per cent. Ou), on 
account of the great tendency 
to form a "bottom crust" con- 
sisting of an alloy of copper 
and lead with a high melting 
point, which gradually grows 
up from the bottom till it 
fills the crucible. In these 
cases, therefore, it is better 
to abandon the automatic tap 
and work the furnace as a 
sump furnace, tapping from 
the bottom. Sump furnaces 
are also preferable in cases 
where ores have to be smelted 
which are exceptionally rich 
in zinc and in barium sulphate, 
like those of Goslar, which 
could not well be snielted in 
the ordinary > way with an 
automatic tap, on account of 
the quantity of crusts which 
would iorm above the lead. 
By tapping irom the bottom 
the hearth can be cleaned up 
at each tapping and the accre- 
tions removed. 

The blast used in lead fur- 
naces is almost always pro- 




Horizantat Section 



Scaje of feet 

Figs. 52 and 53. — Pilz Furnace. 



duced by a "positive blower" with rolling impellers of the Root 
type. The so-called "Baker" was formerly largely used in 
America, but those of the Root type are decidedly the best, be 
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cause they are made more strongly, and because of the much 
greater margin of speed permissible in running them; taking a 
Root and a Baker of approximately the same capacity at ordinary 
speeds and low pressure, the former can, in case of emergency, 
be worked up to more than double its proper speed without 
injury and without much loss of eflBciency, whereas the efficiency 
of the Baker at high speeds and with pressures exceeding 1 lb. 
per square inch is very low. 

Hot blast as yet finds no use in lead blast furnaces, for the 
temperatures required are only such as can be economically 
produced by burning fuel before the tuyeres with cold air. It 
is generally supposed that the use of hot blast would so increase 
the reducing effect of the furnace as to give rise to the formation 
of iron "sows" in the crucible, besides enormously increasing 
the loss of lead by volatilisation. 

It may be convenient to consider first the circular furnaces, 
which aie still commonly employed in Europe, and then to 
describe in greater detail the large oblong furnaces which are 
preferred in the United States, Mexico, and Australia. 

CIRCULAR FURNACES. 

The following types may be figured and described : — 

1. The Freiberg Pilzofen with water jacket in sections, the prototype 
of all water-jacketed lead furnaces. 

2. The Lower Harz furnace with simple water tuyeres. 

.S. The Clausthal furnace with water tuyeres and air-cooled boxes. 

4. The Przibram furnace with water tuyeres and water blocks. 

5. The American round furnace with water jacket in one piece and 
overhead downtake. 

Of these, the first three are sump furnaces, while the two 
latter are provided with automatic discharge. 

1. The Pilz furnace, invented at Freiberg by Bergrath Pilz, 
in 1 863, is undoubtedly the first complete water-jacketed furnace 
ever used for smelting lead ores, and the prototype of the 
American water jackets. It is equally certain that at Freiberg, 
under Government control, the furnace has undergone but little 
improvement during the past twenty-five years or more, while 
in America it was very soon improved out of all recognition by 
a series of able German metallurgists, backed by powerful and 
progressive capitalists. 

The water jacket of this furnace is of wrought iron, and is 
built up in segments, each segment having a tuyere aperture in 
the centre. The construction of the furnace is shown in Figs. 
52 and 53. S is the shaft, c the casing of boiler plate surrounding 
the brick lining, I, which rests on four cast-iron columns. J 
are sections of the jackets, each 8 inches wide and 20 inches 
high, with an iron tube through which are inserted the tuyere 
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nozzles, t. Cold water enters through a small pipe opening into 
the bottom of each section, while the hot water is discharged 
through another pipe at the top. The tuyeres are supplied with 
air by means of the sheet-iron bustle pipes, p, hanging from the 
■cast-iron blast pipe, B, which surrounds the furnace. C is the 
crucible, lined with firebrick and furnished with two spouts, s, 
at the level of the bottom, for tapping lead and matte in- 
to the movable tapping 
box on wheels, and with 
others, s^, at a higher 
level for the slag. F is 
the flue for the escaping 
furnace gases, connected 
with the general dust 
chamber and flue system 
of the establishment ; X 
is the charging cylinder 
hanging in the centre 
of the throat. The capa- 
city of the furnace, with 
a pressure of |^ to 1 inch 
of mercury, is from 30 
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Fig. 54. — Lower Harz Furnace. 
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Fig. 55.— Section of lower 
Harz Furnace. 



to 35 tons of ore per day, the coke consumption being "22 per 
cent, of the weight of ore. For further particulars of the furnace 
work V. Chap. xi. 

2. The Lower Harz rurnace. — Of all the furnaces at work 
upon lead ores, this is, in some respects, the most primitive. 
Its construction will be seen from the vertical section, Fig. 54, 
and the horizontal section through tuyeres. Fig. 55. The sump 
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is formed of " steep " (brasque) rammed inside the brick found- 
ation, which is enclosed in iron plates to prevent leakage of 
lead. The upper portion of the furnace lining, above the smelting 
zone, wears very little, and is entirely supported on iron plates, 
forming a continuation of the outer casing, the whole of which 
rests on the four columns shown in the plan. The lining in the 
smelting zone, which wears out very fast, is thus easily repaired 
without interfering with the upper portion of the furnace. The 
height from tuyeres to throat is 18 feet 6 inches, and the tuyere 
level is 1 foot above the 
bottom of the hearth. The 
shaft is contracted immed- 
iately above the bosh in 
order to prevent, as far as 
possible, the formation of 
zinc accretions, by acceler- 
ating the speed of the as- 
cending current of furnace 
gases and zinc fumes. The 
gases are drawn off by a 
tube of comparatively small 
diameter, suspended in the 
centre of the shaft, the ad- 
vantage of which is that the 
current of gases is thus at- 
tracted towards the centre 
and away from the sides, 
where it is liable to deposit 
zinc accretions. 

The water tuyeres shown 
in the figures are inclined 
at an angle of 3°, and are 2 
inches diameter ; they are 
five in number, and disposed 
symmetricallyround the peri- 
meter of the furnace, as 
shown in the plan. The 
blast pressure is about 1^ 
to If inches of mercury, and 
each furnace treats 8|^ to 10 
tons of ore per day (v. Chap. xi.). 

3. The Clausthal furnace is somewhat similar to the above 
in construction, but different in form. Instead of a bosh, it 
gradually increases in diameter from tuyeres to throat (Fig. 56). 
The whole furnace is built upon a stone foundation block, F, 
which supports a cast-iron foundation plate ; the crucible is 
built of firebrick, enclosed by cast-iron plates, and encloses 
a succession of hearth layers, the uppermost of which is of 




Fig. 56.— Clausthal Furnace. 
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brasque. The lining of the shaft is firebrick surrounded by a 
casing, b, of boiler-plate, to which are rivetted angle irons, a, by 
means of which the shaft is supported on hollow columns resting 
in cast-iron sockets, as shown. The furnace gases are drawn off 
through the tube g ; the furnace has 4 water tuyeres, t, each 
2^ inches diameter, supplied with air at 6 to 8 ozs. pressure. 
These water tuyeres pass through cast-iron cooling boxes, O, 
which are cooled, partly by a current of air and partly by the 




10 



Samle of feet 

Fig. 57. — Przibram Furnace. 



circulation of water in the water tuyeres. This seems a very 
imperfect arrangement, and the use of complete water jackets 
is certainly preferable; the practice in these furnaces of the 
"precipitation" process, elsewhere obsolete, is also peculiar, and 
will be described in Chap. xi. 

4. The Przibram Furnace. — This furnace, shown in section 
in Fig. 56, is built somewhat after the pattern of an iron blast 
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Figs. 68 and 59. — Przibram Furnace - 
Water Blocks and Bricks. 



furnace in miniature. The walls are thick and double, with an 
expansion space between the inner firebrick liuing and the outer 
wall of common brick; 

there is no exterior iron .■''\..\ ■•.. 

casing. The upper part 
of the furnace rests upon 
■a. framework of flanged 
cast-iron plates supported 
by six cast-iron columns, 
a, \ the smelting zone of 
firebrick is protected by 
three rows of cast-iron 
water blocks. The lower 
row contains eight water tuyeres, which are simply cast-iron 
boxes with a conical bushing cast through the centre, into 
which fit the sheet-iron tuyere 
nozzles. The water block over 
the slag spout, s, is of a peculiar 
shape. The two upper rows are 
composed of larger " water 
blocks," 6, of cast iron (Fig. 59) 
alternating with brick, as shown 
in Figs. 57 and 58. The cruci- 
ble of the furnace is composed of 
layers of rammed "brasque" on 
a layer of brick, under which 
again are other layers of sand and 
loam, the whole being supported 
on a massive cast-iron founda- 
tion plate, f (Fig. 57), to avoid 
leakage of lead. The discharge 
of lead from the crucible takes 
place automatically by means of 
Arents' syphon tap (not shown 
in the figure) as in American 
furnaces. Charging is performed 
by means of a cast-iron cup, c, 
with sheet-iron curtain hanging 
from it, the furnace gases being 
taken away by the flu.e, F, below 
the charging floor 

One of these furnaces with 
2|-inch tuyeres supplied with air 
at a pressure of 1-6 inches of 
mercury smelts in twenty-four 
hours 31 tons of charge (=22 
tons of ore), with a coke consump- 
tion of 16-4 per cent, and about \ per cent, charcoal (1|^ bushels 




Sa[e of Fact 



Fig. 60. — American Circular 
Water Jacket Furnace. 
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per ton). Further details as to the -working of the furnace are 
to be found in Chap. xi. 

5. The American Circular Water Jacket. — One variety of 
this furnace is shown in sectional elevation in Fig. 60, in which 
the charging floor and doors are plainly visible, as are also the 
blast pipes, tuyeres, and the outside lead well communicating by 
means of the automatic tap with the interior crucible. The 
whole shaft of the furnace is cased with iron plates, a continua- 
tion of which forms the stack, and the iron casing and stack, 
together with its lining, is supported on four heavy cast-iron 
columns. This particular furnace is fitted with the Devereux 
patent tuyeres, to be described in their place, and is charged 
from both sides, the flue dust and waste gases being removed by 
an overhead downtake. 

Circular furnaces were used at Eureka, Nevada, and, in the 
early days of water-jacket smelting, all over the U.S. At Mine 
La Motte and other places in Missouri, furnaces more or less of 
this type are still in use. The diameter at the tuyeres is from 
3 feet 9 inches to 4 feet 3 inches, the jackets are 3 feet 6 inches 
high, with a bosh of 3 inches, which is continued upwards to the 
charging floor 8 feet to 10 feet 6 inches above tuyere level. The 
crucible is 2 feet 6 inches deep, provided with automatic syphon 
tap for the lead, and the brick stack above the water jackets has 
a boiler-plate casing, and is supported on columns in the usual 
way. There are five or six tuyeres supplied with air at a 
pressure of 1 to 1|^ inches mercury. 

Circular water jackets are in use at Coueron* and Pontgibaudt 
(France), at Mazzaron J and Puertollano§ (Spain), and at many 
places in Mexico and other countries. They are most suitable 
where labour is cheap and the ores not too siliceous. With 
large supplies of siliceous or refractory ores, poor in lead, they 
give way to the large oblong furnaces. 

RECTANGULAR FURNACES. 

The original oblong furnaces were of the Easchette type, first 
employed in the Urals for iron smelting, and subsequently in 
the Upper Harz for lead-silver smelting. These furnaces were 
not water-cooled ; they were 1 6 feet 3 inches from tuyere level 
to throat, and measured 3 feet by 6 feet 6 inches at the tuyeres. 
On each long side were situated five 2-iiich tuyeres; the hearth 
was saddle shaped, so that at each end there was a sump made 
of brasque which was tapped at intervals into an outside 
tap-pit in order to facilitate separation of the melted products. 
The modern American water-jacketed furnace presents but few 
points of resemblance with its humble prototype. 

* Phillips, Mements oj Metallurgy. f Ibid. 

X Sanchez y Massia, Metallurgia del Plomo, Madrid, 1893. § Ibid. 
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Fig. 61. — Rectangular Furnace — Sectional Elevation. 
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Fig. 62. — Rectangular Furnace — Sectional Plan. 
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Two principal modifications of furnace may be described ac- 
cording as the jackets are of cast- or of wrought-iron, the 
dimensions and other details of conitruction not necessarily 
difiering in the two cases. Figs. 61, 62 and 63 * show a furnace 
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Fig. 63. — Rectangular Furnace. 

with wrought jackets erected at Great Falls, Montana, in 1891. 
Fig. 64 shows the lower part of the most recently erected furnace 
at the Globe Smelting Works, Denver, 1895; while Figs. 65 and 
66 show the new furnaces of the Broken Hill Proprietary Block 
14 Company at Port Adelaide, South Australia (1897). 

* Borrowed from Hofman, Metallurgy of Lead, 1892. 
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A RECENT SILVEEI-LEAD PURKACE 



Fig. 64. 



Dimensions. — The sectional area of modern oblong furnaces 
has been increased during the past fifteen years by increasing 
the length, it being, as already pointed out, impracticable to 
widen these furnaces without serious disadvantage. Fifteen 
years ago or so, there were few furnaces in existence over 6 feet 
long, whereas nowadays 120 inches to 140 inches is the usual 
size, and some have been built even 160 inches or over 13 feet 
long. The width at tuyere level varies between 2 feet 6 inches 
and 3 feet 6 inches ; a few years ago the tendency was to reduce 
the width to 30 or 33 inches in order to use a lower blast 
pressure and prevent the heat from creeping up, but of late most 
of the new furnaces erected are 40 or 42 inches across 
tuyeres, corresponding with the increase in height and with the 
increased rapidity of driving. 

As already mentioned, the height of water-jacket furnaces has 
been increased of late years to cope with the more refractory 
ores now smelted and the more infusible slags produced, the 
most recent furnaces — except those working on zinciferous 
ores with very ferruginous slags — being generally 17 feet to 
20 feet from tuyere level to stock line. 
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1. Foundation.— A good foundation is essential, and solid rock 
is always best, unless more than 10 feet from surface, in which 
case a frame work of heavy planking placed crosswise and em- 
bedded in concrete may serve instead. The excavation should 
be at least 3 feet larger each way than the furnace bed plate, and 
is filled either with good rubble masonry, brick woi-k, or a block 
of concrete iinto which are rammed as many large stones as 
possible, cement being in any case mixed with the mortar. The 
best of all possible foundations is formed by filling the excava- 
tion with molten slag, forming, when cold, a single block; but 
this is only attainable for additions to plant in an already 
existing works where a sufficiently quick succession of slag pots 
can be obtained. In any case, the topmost course must be per- 
fectly smooth and level which, in a new works, is secured by 
making it of brick, and when molten slag is available can be 
easily obtained by forming shallow dams with pieces of bar iron 
(the tops of which are carefully levelled) and then filling them 
successively with molten slag. When a perfectly even and level 
foundation has been obtained, a layer of clay mortar is spread 
over it, and then the wrought-iron or steel " base plate," J inch 
or f inch thick is laid in position. This plate has generally 
a rim of 1 J- inch angle-iron rivetted on to assist in holding the 
hearth castings or " caisson plates " in position, and its function 
is to prevent leakage of lead from the well or crucible. 

2. Crucible with Automatic Tap. — The crucible of this 
furnace, built up on the bed plate, of firebrick laid as closely 
as possible with thin fireclay mortar, is surrounded by thick 
" crucible castings " or caisson plates, which have to be very 
strong in order to resist the pressure of the lead in the crucible, 
frequently 20 to 25 tons dead weight of lead alone, without 
counting the downward pressure of the column of charge which 
floats upon it. These castings are commonly strengthened with 
projecting ribs, and bolted together. Their great weight, how- 
ever, renders them very awkward for use in localities remote 
from railroad facilities, and at many moderji works in America, 
as well as in the various Australian plants, they have been done 
away with, being replaced by bent rails enclosing a boiler plate 
outer casing, as shown in -Figs. 61 and 62. Hofman indeed 
suggests* that the outer casing of the crucible should be oval in 
form, when it could be enclosed in a rivetted boiler plate shell 
strengthened by means of continuous bands of flat bar iron, 
but, though a very practical suggestion, the author is not 
aware that it has ever been put into practice. 

Inside the plates the well is built up, a space about 2 inches 
wide being leit between them and the firebrick, which is after- 
wards tamped with sand or brasque, so as to allow for expansion. 
The Arents automatic tap is simply an inclined channel half- 
* Op. cit., p. 186. 
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a-brick wide, which is left from tlie bottom of the crucible — 
geaerally at the centre of one side — to the outside, where a basin 
is formed called the " lead well." Formerly this was formed by 
a semi-circular casting bolted to the crucible castings, but it 
is now wholly enclosed by the latter, and either a spout or a 
taphole is provided for the lead to flow into a cooling pot, which 
may be either fixed or, more generally, run on wheels. In some 
old furnaces a lead well on each side was provided, but, except 
in the case of large furnaces running on very rich lead ores, this 
is simply a waste of heat, and in most modern furnaces only one 
is seen. Two slag spouts are, however, frequently found, one at 
each end of the furnace, as with the help of a spout at the back 
which can be used occasionally or on alternate shifts, when the 
side instead of the end of the furnace is presented to the dump, 
crusts can frequently be prevented from forming. 

3. Shaft. — At each corner of the foundation stands a column 
(usually of hollow cast-iron) about 8 inches diameter and 1 inch 
thickness of metal with capital and base, each 16 to 20 inches 
square and 2 inches thick. Upon these columns is set the 
" deck frame," which supports the whole of the furnace walls 
with their lining. In old furnaces this was composed simply of 
cast-iron plates IJ to 2 inches thick, with strengthening flanges 
3 to 9 inches deep, part of the direct pressure being taken off 
by arches in the brickwork. These light plates, however, were 
always giving trouble by bending and breaking, owing to un- 
equal expansion, and in all modern furnaces the deck frame is 
composed of three T beams supporting a plain flangeless cast- 
iron deck plate, as shown in the Figs. 61 and 63. The T beams 
are bolted firmly to each other and to the capitals of the columns, 
the cast-iron plates simply resting on the former, so that there 
is no lateral thrust on them caused by unequal expansion. The 
lateral thrust of the brick arches was formerly taken up by the 
tie-rods only, but now strong flanges at the corners of the deck 
frames assist in taking it, as shown in Fig. 64. In some of the 
most modern furnaces arch beams are introduced to support the 
heavy furnace walls, as shown in Fig. 64. 

The furnace walls resting on the deck plates are usually of 
common brick with an inner lining of firebrick, an expansion 
space being left between the two layers. In places, however, 
where firebricks are obtainable at not more than double or two 
and a-half times the cost of common brick, it is true economy to 
build the stack of firebricks throughout, their greater strength 
giving practical immunity from repairs. The walls of all modern 
iurnaces are made much thicker at the bottom than the top, to 
diminish the loss of heat by radiation. 

The whole shaft is well braced with tie-rods and corner-irons, 
which are usually cast-iron " brick stays " with heavy lugs to 
receive the tie-rods, as shown in Fig. 65. 
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In some recent furnaces, and notably in those designed for 
the "British Broken Hill Company," the whole upper part of 
the furnace shaft is made of wrought-iron and mild steel water 
jackets, as has been done with copper furnaces for many years 
past. This was expected to facilitate the " barring down " of 
zinc " hangings," and to give an indestructible shaft. In 
practice, however, these long side sections have been found to 
give considerable trouble by buckling, and their cooling effect 
is so great that there is a quite perceptible increase in the fuel 
consumption. The zinc hangings do not seem to separate so 
easily from the smooth iron surface as was expected, while the 
quantity of accretions which form is (owing no doubt to the 
powerful cooling effect) much greater than with the ordinary 
brick stack. The use of these upper jackets has not, therefore, 
been extended. 

4. Charging and Fume- collecting Arrangements. — One 
arrangement is to have an overhead stack and downtake for the 
furnace gases, built either of brick or of sheet iron, the charging 
being done through doors in each long side. This style is used 
in che Arkansas Valley (Leadville), Germania (Salt Lake City), 
Colorado Sm. Co. (Pueblo), and Montana ditto (Great Falls) 
works ; it answers very well for charges low in zinc, but is not 
so suitable where there is much zinc, and, consequently, much 
" barring down " to be done. The other and, perhaps, more 
common arrangement is to feed the furnace from an open top, 
drawing off the gases below the feed floor, as shown in Figs. 
65 and 66 ; this system is preferred at the Philadelphia (Pueblo), 
Globe (Denver), and all the Australian works; it is much more 
convenient in some respects, but requires a greater height from 
the slag floor and a more powerful draught to prevent the fumes 
from escaping on to the feed floor. 

The feed floor is made of cast-iron plates with planed edges 
spliced together by wrought-iron plates underneath and bolts 
with countersunk heads. In order to avoid the exit of fumes 
on to the feed floor when open tops are employed, the old device 
was to provide each furnace with a telescopic ventilating hood 
made of sheet iron, consisting of a fixed chimney in the roof 
with a hood and smaller pipe sliding up and down in the former, 
and counterbalanced with weights so as to be easily moved up 
and down. These hoods have now, in most cases, been abandoned. 
Another arrangement employed until recently at some large 
works (including the Grant works, Denver, and the El Paso 
works) is the Pfort curtain. This consists of an oblong or 
elliptical "thimble" of thick sheet-iron extending downwards 
from the charging floor as far as the level of the bottom of the 
" take off," and, at least, a couple of feet each way smaller than 
the furnace top. This concentrates the down draught into a 
smaller space, and is found to trap the fumes effectually, but 
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has the great disadvantage of being very much in the way when 
wall accretions have to be barred down, and, therefore, has been 
of late very generally discarded, being especially inapplicable in 
works where high zinc charges have to be treated. 

The best arrangement for open charging is to allow the cast- 
iron floor plates to nearly cover the mouth of the furnace, except 
two spaces each about 4 feet by 2 feet, which are sufficient to 
enable the feeder to spread the charge in any desired fashion and 
to reach any part of the walls with a bar. Under ordinary cir- 
cumstances these charging holes are left uncovered, but when 
blowing out, a cast-iron plate is placed over each opening and 
luted down with clay or wet ore fines. The iron plates round 
these openings are not a permanent part of the feed floor, but are 
readily removable for barring down when required. 

It is a matter of observation that furnaces with open tops 
require a much stronger chimney draught in order to prevent 
the escape of fumes on the feed floor than those which are run 
with closed top, and this extra draught usually means extra 
loss. Some modern furnaces, therefore, are provided with the 
old fixed sheet-iron stack and hood in the roof overhead, connec- 
tion with which is ordinarily made by means of a sheet-iron 
casing, the size of the furnace area, running on wheels and 
provided with side charging doors similarly to closed-top furnaces. 
When required, this casing can be run back for barring down. 

The German plan of taking oflT the fumes by means of a small 
iron pipe suspended in the centre, and the plan of charging by 
means of cup and cone, as in iron blast furnaces, have both been 
tried but have not found favour, chiefly on account of the diffi- 
culty of obtaining free access to the furnace shaft for barring, &c., 
with such devices. With closed tops, a single overhead sheet- 
iron downtake, 5 feet to 7 feet diameter, is the usual practice, 
and, with open tops, a rectangular brick-lined downtake at the 
back or in tlie centre of one side of the furnace is the invariable 
arrangement. 

A good deal of sickness (lead colic) used to be caused on the 
feed floor, as well as below, by fumes rising from the slag tap 
and lead well. The danger of lead poisoning is found to be 
minimised by completely partitioning oflF the feed floor from the 
lower part of the building, and providing the lower floor with 
its own series of shaft ventilators of sufficient size over each slag 
tap or between each pair of furnaces, and extending clear through 
the feed floor above the roof They take up but little room on 
the feed floor, and ventilate the lower floor very efiectually. 

5. Water Jackets. — These may be either of cast- or of 
wrought-iron (in modern practice the former are usually pre- 
ferred), but in any case their usual height is from 3 to 4 feet, the 
centre of the tuyeres being 10 inches from the bottom and the 
"bosh" of 6 to 10 inches, commencing from 8 inches to a foot 
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Fig. 67.— Cast-iron 
Water Jacket. 



higher up, to be continued in the brickwork. It will be borne 
in mind that the jackets have no weight to support, except that 
of the three or four layers of brick between their upper surface 
and the "deck plates"; they need not, there- 
fore, be very heavy; in fact, they stand best 
when made as light as possible. They are 
almost invariably made with a bosh, but at 
the Aurora Works (Chicago, Ills.), Eurich * 
still uses a straight jacket and inserts water 
tuyeres 1 2 inches into the furnace to narrow 
the fusion zone to the required extent, the 
advantages claimed being the greater facility 
of barring off accretions, and a small but 
noticeable saving of coke, owing to the 
fusion zone being kept at a greater distance 
from the jackets. 

Cast-iron Jackets. — These are generally 
from 4^ to 6 inches inside measurement, 
the latter size being, perhaps, most com- 
mon; and the iron is from f to f inch 
thick, |- inch being, perhaps, the com- 
monest ; frequently the inner skin is made double the thick- 
ness of the outer, as at Broken Hill. The water feed may be 
through a pipe screwed into the outer skin (Fig. 68), or through 
an open feeder forming part of the casting (Fig. 67) ; in either 
case, sufficient head must be employed to ensure the jacket being 
always full of water, which is secured by allowing the hot- water 
exit to rise some inches above the top of the jacket. Ttjae 
complete casing of a 120-inch furnace will be made up of sixteen 
sections, in twelve of which the side jackets are exactly alike, 
each having lugs with which to bolt it to its neighbours and a 
tuyere hole cast in the centre. The front and back breast-jackets 
are each in two pieces, right and left, and in a number of modern 
furnaces are unprovided with tuyeres. In some cases they are 
made curved and they never extend down to the top of the 
crucible, but stop some 10 inches above it, a common shape being 
that shown in Fig. 67, where the curved end-jackets extend 
right down at the sides, but leave an open space in the centre. 
The remaining space may be closed simply by iiiilars of firebrick 
with a clay slag tap in the middle, or by a tapping jacket, as is 
the more modern practice. The best arrangement is to have a 
tapping jacket 14 inches high, and to sink it 4 inches into the 
crucible wall, which helps to prevent leakage of lead from the 
front of the furnace, the actual slag tap being a conical hole in 
the jacket, only 2^ inches diameter on the outside, widening to 
5 inches inside. In a small works, however, where the ore 
mixture varies widely in composition, especially if the ores be at 
* Priv. comm., 1896. 
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all zinciferous, it is best to work with a firebrick breast instead 
of a tapping jacket, as it is then easier to get at crusts which 
form on top of the lead. Cast-iron jackets are now always sup- 
plied with handholes for cleaning, and the feed water has been, 
in one case at least, introduced through this handhole, which 
■can, however, hardly be considered an improvement. 

Detailed sections of cast-iron jackets are shown in Figs. 68 * 
and 72,t the latter showing a novel arrangement for supporting 
each jacket separately and independently of the lugs which fasten 
it to its neighbours, the former being peculiar in its use of water 
tuyeres and in having a goose-neck iron pipe screwed into the 
top to serve as water discharge. 




Fig. 68. — Section of Cast-iron 
Water Jacket. 




Fig. 69. — Section of Cast-iron 
Water Jacket. 



Wrought-iron jackets are usually made of the same height as 
those of cast-iron, but only four sections are required — viz., one 
for each side and end. The old form of wrought-iron jacket 
had a feeder bolted on similar to that of the cast-iron jackets 
(Fig. 69); another form of wrought-iron jacket with feeder is 
that shown in Fig. 70, which, instead of a distinct bosh, slopes 
continuously from bottom to top. Another, and perhaps on the 

* Beardsley, Trans. A.I.M.E., vol. xxi. 

t Broken Hill Prop. Coy., Private notes, 1896. 



BLAST FURNACE LEAD SMELTING — PLANT. 



157 




ii""l 



Sca/e of Feet 

I e 

_i L- 



■»ft 



Fig. 70. — Section of Wrought-iron Water Jacket. 
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Pig. 71. — Section of Water 
Jacket. 



Fig. 72.— Section of 
Water Jacket. 
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whole the best, form is that of the British Broken Hill furnaces, 
Fig. 69, which has wrought-iron pipes screwed in for both the 
feed water inlet and outlet. In any case, each section is pro- 
vided with one or more handholes for cleaning out scale or 
sediment (■;;. Fig. 70), and the walls of the long side-sections at 
any rate are stiffened by stay bolts. 

Terhune * highly recommends jackets of cast steel, which 
have been used since 1886 at the Hanauer Works (Salt Lake 
City). The sections are f inch thick, tapped for two bushings 
li inches diameter for cleaning purposes, the same holes serving 
for water-feed and discharge by means of f-inch pipes in the 
plugs. 

Comparing cast-iron with wrought-iron or mild steel, it should 
be noted that anywhere within reasonable distance of a foundry 
the former are cheaper ; for not only do they last about as long 
when properly made, and cost less, but, when replaced, the value 
of the old metal is a considerable discount off the price of new 
jackets ; whereas a discarded wrought-iron section is of no value 
as scrap. Cast-iron jackets are specially to be recommended 
where the water is very hard or very acid. Where, however, 
foundries are not accessible and the cost of carriage is high, the 
wrought-iron jackets frequently turn out to be cheaper in the 
long run, though the first cost may be higher. 

The details of water supply are shown in Fig. 65 ; the cold 
water feed pipe surrounds the furnace under the blast pipe, each 
jacket has a branch of its own, by which the water enters at the 
top and sinks to the bottom as best it may, the hot water over- 
flowing through a spout into a galvanised trough surrounding 
the furnace, and emptying itself into one or more stand pipes at 
the corners. The more modern way, however, is to replace 
these spouts and troughs by long pieces of gas pipe reaching to 
the stand pipes near the corner columns, which latter, indeed, 
are themselves frequently made to serve the functions of stand 
pipes (Fig. 65). In recent practice all the jackets are often 
connected at the bottom by short 1 inch nipples joined by thick 
rubber hose, so as to enable any one jacket to be fed from its 
neighbours in case of failure of its own proper water supply. 

As to the quantity of water required, an ordinary furnace of 
120 by 42 inches will take, in summer time, about 55 gallons 
per minute, supposing the water to be run into shallow ponds to 
be used over again while still warm, as is frequently the case. 
It is economical both as regards fuel consumption and wear and 
tear of jackets to keep the water supply to the jackets low, so 
that the escaping water shall be as hot as possible without 
generating steam. 

It may be reckoned that in normal work a furnace with 

* Hofman, Metallurgy of Lead, 1891. 
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jackets 3 feet 6 inches high will require as a miaimum from li 
to 2 gallons per minute, according to the temperature of the 
water, for every foot of internal perimeter at the tuyere level, 
and double this amount must be allowed for blowing in or out, 
Furnaces with higher jackets will, of course, require more water, 
bub not in proportion to the increased height. 

6. Blast. — The blowers are usually of the Root pattern, with 
its modifications and improvements, the Baker blowers formerly 
so widely in use having been largely discarded for reasons 
already given. For a single furnace, 33 by 100 inches or 
upwards, one No. 6 Root blower is required, but there is con- 
siderable economy in runhing all the furnaces from a common 
blast main of ample dimensions, regulating the amount delivered 
to each by blast-gates on the several blast pipes. In a large 
works running several furnaces this arrangement is both simpler 
and cheaper than giving each its own blower, part of the blowing 
power calculated on the above liberal basis being then always in 
reserve. The blast main should be one-third greater in sectional 
area, than the combined areas of the blower outlets Each branch 
blast pipe is tapped for a nipple, to which a pressure gauge is (or 
should be) affixed, the pressure being measured variously by 
columns of mercury, water, or glycerine. Two inches of mercury 
or 27 inches of water are equal to a pressure of 1 lb. per square 
inch. 

Although the common blast main, with branch pipes, is so 
common and so convenient, attention may be called to the fact 
that it is impossible on this system to regulate the working 
of each individual furnace to such a nicety, especially when 
running on different charges, as by providing each furnace with 
its own blower. The latter system is advocated in Australia by 
Greenway (Fort Adelaide), and in America by Eurich (Aurora), 
and on this principle the pressure gauge attached to each furnace 
becomes a delicate barometer, showing accurately the changes in 
the mechanical or physical condition of the column of charge 
above the tuyeres, which it never can be when utilised partially 
for the purpose of regulating the speed of the blowers or the 
number of individual blowers, delivering into a general blast 
main, which should be started or stopped. 

Blast Pressures. — Not many years ago 20 to 24 ozs. per 
square inch were regarded as high pressures for the lead blast 
furnace ; to-day, however, in the high furnaces of the most 
modern practice pressures of 2i to 3^^ lbs. per square inch are 
commonly employed. 

The comparatively low efficiency of all revolving blowers 

under these high pressures has led lies * boldly to discard them 

altogether in favour of the overhead blowing engines, so familiar 

in connection with iron blast furnaces. The original cost is 

* Globe Works, Denver, Private notes, 1897. 
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considerable, but the efficiency and economy in working more 
than makes up for the interest in a large works. 

7. Tuyeres. — The diameter of tuyeres varies from 2f inches 
in some small furnaces up to 3J inches in those of the largest 
size. The ratio between the area of the tuyeres and the sectional 
area of the furnace at the tuyere level is a very important one, 
for upon it largely depends not only the capacity, but also the 
reducing effect of the furnace. The number of square inches of 
total tuyere area per square foot of effective sectional area 
between the tuyeres may be conveniently termed the " tuyere 
ratio" of the furnace. According to Hahn's rule one 3-inch 
tuyere is required for each square foot of sectional area at the 
tuyeres, which is equivalent to a tuyere ratio of 3-53 — very 
closely adhered to up to a few years ago. Where slags high in 
lime and in silica have to be made, and a powerful reducing 
action is required, this ratio is somewhat reduced ; thus the 
Broken Hill Proprietary furnaces, with an effective sectional 
area of 44 by 112 inches, have eleven 3|-inch tuyeres, which 
gives a tuyere ratio of 3 '15. The tuyere ratio is still further 
reduced with the higher furnaces and blast pressures and more 
rapid driving now so common ; thus the 45 by 140-inch furnaces 
of the Germania and Pennsylvania works at Salt Lake City have 
only fourteen tuyeres, 3 inches diameter, the tuyere ratio being 
only 2-19. When, on the other hand, a basic, zinciferous, and sul- 
phurous charge has to be smelted and an oxidising action is 
aimed at, the tuyere ratio must be increased ; thus at the Block 
14- Works, Port Adelaide, the large furnaces (shown in Fig. 6.5), 
with effective area of 40 by 160 inches, have no less than eighteen 
tuyeres of 3| inches diameter, giving a tuyere ratio of 3'90. 

The tuyere nozzles are sometimes of bronze or brass (though 
now commonly of cast iron), bored and turned to fit as closely 
as possible into the conical holes in the jackets, which should be 
bored out to fit. In the ordinary form of tuyere the bronze 
nozzle is rivetted on to a galvanised or sheet-iron elbow, and 
connection is made to this from the nipples on the branch blast 
pipe, either by means of canvas bags soaked in alum or water 
glass, to render them incombustible and air tight, and tightly 
wired on, or, better, by means of close-fitting sheet-iron pipes. 
A peep hole at the back of the elbow is provided with a glass or 
mica eyepiece which can be removed when it is necessary to- 
"rod" the tuyeres. The construction of the ordinary form of 
tuyere will be seen by reference to Fig. 73, which is, however, 
provided with the Davies slag escape shortly to be described, 
and in which e is the cast-iron elbow, p the peephole, and n the 
brass tuyere nozzle, the pipe with attachments between e and n 
being the slag escape, an ingenious contrivance devised to obvi- 
ate the bad effects of slag overflowing into the tuyere pipes, a 
not uncommon accident due to carelessness of the tapper. It 
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consists of a piece of 4-inch pipe, a, screwed into the oast-iron 
elbow and turned so as to fit neatly into the brass nozzle ; on its 
under side is rivetted the flange, h, with lugs,_/! These hold, by 
means of screws, c, the perforated sheet iron, e, against the per- 
foration in the bottom of the pipe, the hole being closed by the 
diaphragm, d, which is merely a piece of cloth or thick paper. 
Should slag get into the tuyere pipe, it immediately burns a 
hole in the diaphragm and the blast escapes with a noise that 
attracts the attention of the furnace keeper. The screws, c, can 
be loosened in a moment so as to insert a new diaphragm. 

The ordinary tuyeres employed are flush with the inside of 
the jackets, but the furnaces at Aurora (Ills.) and the whole of 
those at the various Broken Hill plants (Australia) are peculiar 
in having water tuyeres which extend into the furnace on both 
sides and so narrow the zone of fusion. At Aurora, the side 




Fig. 73.— Tuyere. 

jackets are straight {i.e., have no bosh), and the tuyeres project 
10 to 12 inches into the furnace ; at Broken Hill, the side jackets 
have the usual bosh, and the tuyeres project inwards only 6 to 
8 inches. The object in both cases is to decrease the amount of 
wall accretions and efiect at the same time a trifling economy of 
fuel. 

The ordinary tuyere pipe is subject to more or less leakage' of 
air, and several forms of tuyere box have been introduced with 
the object of making a handy air-tighc joint. One device, 
formerly in common use, is that of Devereux, shown in Figs. 60 
and 71 ; it consists first of a bored and turned bronze tube fitting 
into the aperture in the jackets (which must be made specially 
large if this tuyere is to he used), and inside which an iron sleeve 
with a diagonal bore is fitted so that it can be revolved. The 
blast can, therefore, be turned in any direction (except the most 
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generally useful— namely, centrally), which was supposed by its 
inventor to be a great advantage. The weight of the Devereux 
tuyere renders it very clumsy, and in the author's opinion the 
advantages of being able to alter the direction of the blast 
within such limits are at least problematical. 

When, from any cause, the blast is stopped, unless the valves 
connecting the tuyere pipes with the blast pipe are immediately 
closed, combustible gases from the furnace travel back into the 
pipes, mix witb the air, and may form an explosive mixture, 
which, taking fire from the tuyeres, may wreck the blast main 
and apparatus. Such serious accidents, as described by Austin,* 
with their attendant delay and expense, have led to a great deal 
of ingenuity being devoted to the provision of automatic tuyere 
valves which shall establish connection with the outer air the 

moment the blast pres- 
sure is taken off. One 
of the best of these is 
that of Eilers.t It con- 
sists of a simple box 
fixed against the back of 
the water jacket by 
means of patch bolts, the 
actual tuyere being 
simply the aperture in 
the jacket itself. The 
construction is evident 
from Fig. 74, in which 
V is a valve with planed 
face fitting the 3-inch 
tube in the back of the 
box air-tight by means 
of the pressure on its 
back and rather more 
than counterbalanced by 
the iron ball. When the 



Blast pipe. 




Peep hi 



Fig. 74. — Tuyere. 



pressure is removed this ball comes into X'l^yj ^^^ ^^^ valve, 
taking the position shown by the dotted lines, closes the blast 
pipe and opens the escape. In a line with the tuyere opening 
is the peephole provided with eyepiece as usual, and at the 
bottom of the box is a 3-inch hole for the removal of slag 
accidentally coming into the tuyeres, to which can be fixed a 
fusible plug, if desired. The whole arrangement is compact, 
though rather cumbersome and expensive, on which grounds it 
has not come into extended use. Other forms of patent tuyere 
boxes are described by Hofman. \ ~ 

* E. and M. J., Deo. 15, 1894. 

t Already figured by Hofman, op. cit., p. 197. 

X Op. cit., pp. 198 and 199. 
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Water Jacketing to the Throat. — Copper furnaces being fre- 
quently water jacketed right up to the feed floor, the same 
principle has been tried in lead smeltjng, though with unsatis- 
factory results. The first furnaces of this kind erected were 
those of the British Broken Hill Proj^rietary Company, which 
are 40 by 120 inches at the tuyeres, tl i lower jackets being of 
cast iron and 20 in number — viz., 12 side jackets with tuyeres 
and 4 end jackets without (like Fig. 691). The upper portion of 
the furnace shaft is composed of four njild steel jackets, which 
have lugs rivetted on them by means of *hich they are supported 
by an I girder frame resting on hollo-«r columns, which form a 
continuation of the ordinary lower columns. 

The advantages of water jacketing this upper portion of a lead 
furnace were supposed to be: — (1) Greater durability through 
avoidance of relining ; and (2) greater facility for barring off 
accretions. It was found, however, at Broken Hill that, through 
cooling of the upper portion of the ftirnace, the fuel consumption 
was slightly, but distinctly, increased, while the growth of 
" hangings " was actually encouraged by the presence of a cold 
surface to which they could attach themselves. The smoothness 
of the walls does somewhat facilitate the settling down of hang- 
ings, but not so much as might be expected ; for, in any case, 
the " ring " of accretions has to be cut clean through in one or 
two places with steel bars before it can be got to settle down or 
break up, and this is the hardest part of the work. The upper 
jackets, moreover, were found to give considerable trouble through 
trickling, owing to their large size, and through leakage at the 
stay bolts ; they have now been entirely abandoned. The furnace 
erected by Beardsley * at Zeehan, Tasmania, was practically a 
copy of the British Broken Hill furnaces, but the plant did not 
run long enough to enable the Broken Hill experience to be 
confirmed or modified. 

Water-cooled Slag Spouts. — The wear and tear on ordinary 
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Figs. 75-77. — Water-cooled Slag Spouts. 
* Trans. A.I.M.E., vol. xxi. 
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cast-iron slag spouts is so, heavy that at a number of the leading 
American and Australian works water cooling is adopted, a bent 
^-inch gas pipe being placed in the mould when the spout is 
cast. A convenient forpi is that of the Broken Hill furnaces 
shown in Figs. 75 to 77 

HANDLING OF SLAG AND MATTE. 

Arrangements have tfj) be made not only for the disposal of the 
lead, but also for the fa^■ larger quantities of slag and matte pro- 
duced in smelting. T'ae oldest arrangement was to draw off 
matte, slag, and speiss indiscriminately into a tap pot, where 
they settled out into layers which could be separated easily after 
solidification. When ^is is done, below the slag is a cake of 
matte, and frequently at the extreme point of the cone a button 
of lead also, while if the charge contain much arsenic, so that 
speiss is produced, it will be found below the matte and above 
the button of lead. 

Slag Pots. — An old form of slag pot is that shown in Fig. 78;* 
the wheel is of the compression-spoke type, the spokes being 
of wrought iron, the rim and hub of cast iron. Lubrication is 
always a difficulty with slag pots, even when plumbago is used, 
and, accordingly, modern slag pots are nearly always fitted with 
roller bearings,! the rollers being of cast steel from 3 to 3^ inches 

long and from f to f inch 
diameter. The bottoms of 
the pots usually get worn 
through in about eighteen 
months, and to avoid 
throwing aside the pot as 
worthless, Terhune J de- 
vised a form with movable 
bottom, which is illustra- 
Fig. 78.— Slag Pot (old form). ted in Fig. 79. Another 

arrangement for worn-out 
bottoms, used at the Parrot Works (Butte, Mont.),§ is shown 
in Fig. 80. It consists of a cast-iron false bottom held in 
place by a countersunk |-inch bolt with large cup-shaped 
washer, if necessary. At the Parrot Works new pots are used 
for slag and worn-out ones with the false bottom for matte, pro- 
ducing a very flattened cone which is more easily broken up than 
the pointed form. 

All the above pots have the simple compression-spoke wheel 
which, according to the author's experience, so soon gets out of 
order that a plain cast-iron wheel properly proportioned is pre- 

* From Fraser & Chalmers' catalogue. t v. the Terhune pot, Fig. 79. 
J Terhune, Trans. A.I.M.E., vol. xv., p. 92. 
§ Keller, Trans. A.I.M.E., vol. xxii., p. 574. 
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ferable where a foundry is accessible, since it can be made just 
as light ; it should have a ^-inch wrought-iron tire shrunk on 
to protect the rim.* Another form of wheel is shown in Fi". 81 
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Fig. 79.— Slag Pot (Terhune's). 



Fig. 80.— Slag Pot used 
at Parrot Works. 



with alternate sockets,! and, perhaps, as good as any is that 
described by Keller, J and shown in Figs. 82 to 84. It consists 
of a cast-iron hub with wrought-iron spokes and tire, and, like 
most modern wheels, runs on steel roller bear- 
ings. The hub is tapped to receive the threaded 
ends of the spokes, which are of 1^ inches 
round iron, and each of which has a jam nut to 
tighten it after the spokes have been adjusted 
to exactly equal length. The wrought-iron tire 
is shrunk on and fastened to the spokes by 
means of countersunk rivets. The splash 
guards, shown in Fig. 84, pi-.event the liquid 
slag from spilling on the hubs. 

When the slag is left to cool in the pots so as 
to be broken up and sorted by hand, a large 
number of pots are required (at least twelve 
for each furnace smelting 40 tons per day, or 
more in proportion to the increased capacity), 
and the wear and tear on them is very great, 
while the separation is very incomplete, many 
small shots of matte being retained by the slag. 
Most of the shots, however, are contained in the outer portion of 

* Cast-iron wheels are used by the Broken Hill smelters at Port Pirie 
and Port Adelaide. 

+ Hofman, op. cit., p. 248. t-Loc. cit. 




Pig. 81. 
Slag Pot Wheel. 
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the cooled slag, the central core being much poorer, and upon 
this fact is based the catch pot or "tap pot" system of Devereux 
still in very common use. Pigs. 82 to 84 show one very good 
form of catch pot with roller bearings and the Keller patent 
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Figs. 82-84.— Slag Pot. 

wheels, the axles being fastened by wedges instead of by 
setscrews; besides the ordinary splash guards, S, it has a 
projecting lip, L, to take the wear in tipping. At 6 inches 
above the bottom is a taphole 1^ inches in diameter, sur- 
rounded by a ring and rib reaching the projecting lip in order 
to protect the pot against injury when the interior slao- is 
tapped by driving a square pointed |-inch steel bar through'the 
cooled crust. In this way a crust of chilled slag is recovered 
for resmelting which contains most of the matte shots, while the 
cake of matte at the bottom of the pot remains undisturbed 
even if still fluid, which it does not do when an attempt is made 
to pour out over the rim the interior fluid slag after the crust 
has solidified. 

As regards the surface of the dump, some metallurgists re- 
commend laying down tracks of narrow cast-iron plates for the 
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slag pots to run upon, in order to save labour in pulling the 
pots considerable distances. The ordinary way, however, to 
keep the surface of the dump smooth and hard is by levelling 
a series of squares about 3 feet across with pieces of sheet iron 
and filling with molten slag, this work being always kept up as 
the dump advances. 

As the distance from the furnaces to the edge of the dump 
increases, handling in small pots becomes altogether too ex- 
pensive, and it becomes necessary to use larger pots running 
on rails and drawn by horses or by locomotives. These larger 
pots are of two general patterns, single (v. Figs. 85 to 87) or 






Figs. 85-87.— Large Slag Pot (single). 




Fig. 88.— Nesmith Pot Truck. 

double (like Fig. 88), which shows the Nesmith pot truck 
largely used in Colorado. Though of large capacity, however,, 
this double pOjt takes up a great deal of space about the furnaces. 
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and is, therefore, very awkward to introduce in many old works. 
The double pot truck of the Broken Hill Proprietary Company 
has a much smaller wheel base, which enables it to turn much 
sharper curves, and it is altogether the best device of the double 
pot style in use. Each pot holds about 18 cwts. of slag, and the 
trucks are handled by means of 5 feet turntables on steel rollers, 
one of which is placed in advance of each pair of furnaces. 

Separation of Slag and Matte. — With the increase in 
viscosity of the slag caused by higher lime, alumina, magnesia, 
and zinc contents, and with the greater care in checking losses 
caused by keen competition among smelters, it became necessary 
to secure a better separation of slag from matte than is afforded 
by any of the above slag pots, more especially as the percentage 
of matte produced shows a constant tendency to increase of late 
years. The methods adopted may be divided into two main 
classes — A, Those in which the separation takes place quite away 
from the furnace ; and B, those in which separation is sought to 
be brought about in connection with the furnace itself. Taking 
those of class A first, we have : — 

1. The Overflow Pot. — This is usually more or less of the slag 
pot form, but much larger, and provided with a cast-iron spout 
through which the slag can escape after depositing the greater 
part of its matte. Sometimes a cast-iron cover is provided, but 
generally a simple crust of slag is allowed to form over the top 
to prevent rapid chilling of that below. The greater portion of 
the matte collects in the bottom of the })ot, whence it may be 
tapped through a ring-protected aperture, like that shown in 
Fig. 82 ; or, if in insufficient quantity, by allowing the overflow 
pot to cool and breaking up its contents. 

2. The Exterior Forehearth or "Settler." — This appliance, 
consisting in the main of a cast-iron box on wheels, is but 
seldom used with ordinary lead furnaces smelting ores, though 
commonly enough when concentrating matte. At the Glohe 
(Denver) and several other progressive works, however, rec- 
tangular forehearths or settlers of very large size (up to 
120 cubic feet capacity) have been installed with good results. 
For deuils of the appliances used in matte concentration, v. 
Part II. 

3. Large Crane-handled Settling Pots The system in use at 

the Grant Works (Denver), and described by Austin,* is shown 
in Figs. 89 and 90. A series of five pits placed in position on 
the slag dump beneath an overhead track, which runs parallel 
with the front of the furnaces, contains each a large separating 
pot, about 5 feet diameter and 5 feet deep, fitted with trunnions 
and hooks, and holding 4 tons of slag. These pots are filled 
successively with slag produced in all the furnaces, which is 
conveyed to them in ordinary small pots, the shells of which are 

* Elng. and Min. Jowm., November 23, 1895. 
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Fig. 89.— Large Slag Pot (double). 




Fig. 90. — Large Crane-handled Settling Pot. 
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set aside for restnelting. When each settling pot is full, it is 
allowed to stand from ten to fifteen minutes in order to allow the 
shots of matte to settle out, and then the overhead traveller, c, 
being brought into position over it and the block let down, the 
links, X, are hooked over the crossbar, and the pot raised by a 
steam winch. One of the slag cars, S, is then brought into 
position on the transverse track beneath, and the slag is tapped 
into it through one of the holes, a or a-^ (according to the amount 
of matte). The pot still containing the matte is then moved 
over another smaller slag truck (holding 1000 lbs. only), and 
the matte tapped out through another hole at the extreme bottom, 
together with any fluid slag left. The pot is returned to where 
the hook, h, can be inserted into the ring at the bottom by 
means of which it is inverted, and the shell of solidified slag 
turned out for remelting, after which it is again turned up and 
replaced in its pit for refilling. There are only two slag trucks 
to serve the five separating pots ; they are hauled by a mule to 
the edge of the dump, and are easily tipped by means of a worm 
wheel, as shown in Jigs. 85 to 87. When empty, a couple of 
shovelfuls of dry clay are thrown in, and they are again ready 
to take the charge of another separating pot. 

4. The Reverberatory Settling Furnace.* — Messrs. lies, of the 
Glohe Works (Denver), and Rhodes, late of the Arkansas Valley 
Works (Leadville), have worked on the principle of an external 
source of heat for keeping the slag perfectly fluid, so as to give 
the shots of matte a better chance of settling out. In both 
plans the reverberatory (which should preferably in a large 
works be duplicated to allow of cleaning out and repairing from 
time to time) is water jacketed, is situated at a distance from 
the furnaces, and has a separate fireplace with separate tapholes 
for slag and matte, the latter being low down on one side near 
the firebox, while the other is either on the opposite side 
(Rhodes) or at the far end (lies). 

In the Rhodes separator (Arkansas Valley) the slag from the 
furnaces is brought in hand pots and poured in through a lip 
at the end, the shells (10 per cent.) being returned for re- 
smelting. The capacity of the furnace is 100 tons of slag, which 
comes direct from the slag tap of the furnaces, it being found 
that the ore-matte is required in order to collect and settle that 
carried by the slag in suspension. The slag is tapped every half 
hour into a train of Nesmith double-pot trucks drawn by a 
locomotive ; the matte is tapped into hand pots and granulated 
for roasting. 

At the Globe Works, where the lies separator is used, the slag 

from the furnaces is tapped at intervals into a very large and 

long settling box of 120 cubic feet capacity with a side taphole 

for matte, which at these works is 8 to 12 per cent, of the 

* Private notes, 1897. 
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charge. The slag falls into double-pot trucks, which are pulled 
uphill away from the furnaces by a mule, drawn up by means 
of a steam winch and wire rope to a platform of I girders over 
the separating reverberatory, which has in its roof a square 
cast-iron hopper to guide the charge of molten slag. One of the 
blast furnaces is unprovided with settling box, and from it the 
whole of the slag and matte are tapped together and brought 
to the reverberatory for separation, the matte so brought 
amounting to 3 tons per day out of a total of 8 tons yielded 
by the reverberatory. The slag-matte is found to be 4 or 5 per 
cent, richer in copper and proportionately richer in lead and 
silver than the ore-matte. Both here and at Arkansas Valley 
the slags are very thoroughly cleaned by this appliance ; at the 
latter works, before passing the separator, the slags average 
0'9 per cent. Pb and 0-8 oz. Ag per ton ; whereas after separa- 
tion they carry on an average only 0'6 per cent. Pb and 0-5 oz. 
Ag per ton. 

6. Slag and Matte Taps. — As examples of Class B, among 
separating devices, may be described the so-called " internal fore- 
hearths," or slag taps, of Matthewson and Eurich (in use at 
Pueblo and Aurora), and that used at Broken Hill. The prin- 
ciple in all is the same, namely, the addition to the front of the 
furnace of a cast-iron water-cooled or firebrick lined box, the 
bottom of which is open to the slag, while the inner side is 
formed of a water-cooled "damplate" or "tymp." The slag 
flowing under this diaphragm forms a quiet pool at, or about, 
the level of the tuyeres, thus thoroughly trapping the blast at all 
times, and overflows through a spout as fast as made into an 
ordinary settling pot, which catches any shots of matte carried 
over, and is changed every few hours. From this settling pot, the 
slag overflows into ordinary slag pots and is clean enough to 
throw away. As soon as matte is seen to come over with the 
slag from the upper spout a lower taphole is opened and a potful 
of matte allowed to run out. 

The "internal forehearth," or slag tap, of Matthewson is 
illustrated in Pigs. 91 and 92,* which show plainly the cast-iron 
damplate, B, with its |-inch gas pipe cast in, as well as the matte 
and slag spouts. Figs. 9.3 to 98 show the Broken Hill form of 
slag tap, in which the end jacket itself forms the back wall of 
the separating box, the front being formed of a single casting, 
bolted on and cooled by the usual |-inch gas pipe cast in. 

This method of matte separation works most satisfactorily when 
the slags are fluid and do not chill too rapidly; very zinciferous 
slags, however, are not well cleaned, and in order to work satis- 
factorily the dimensions of the furnace should be such as to pass 

* Colo. S.S.M.Q., vol. ii., No. 1., p. 40; also Min. Ind., vol. iii., 
p. 436. 
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Figs. 91 and 92.— Matthewson Slag Tap. 
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a minimum of 50 tons slag per twenty-four hours under the 
damplate.* 

An additional precipitation of part of the metallic contents of 
the slag, whether held in solution or in suspension, can be 
obtained by adding scrap iron (preferably in the form of old tin 
cans, galvanised roofing, or other thin sheet scrap) to the 
" settler," through which the stream of molten slag passes. The 
iron acts by combining with sulphur or oxygen and precipitating 
lead, copper, and silver in the metallic form to be taken up by 
the shots of matte. This device was first introduced by the 
author when smelting copper and silver ores at Torreon, Mexico, 
in 1890, and was described by him in 1892 ;t but, according to 
Hofman,J it has been subsequently patented in the U.S. 



CHAPTER IX. 
BLAST FURNACE LEAD SMELTING— PRACTICE. 

CALCULATION OF CHARGE. 

Analyses of Ores and Slags. § — The first step towards making 
up a furnace charge is to ascertain the composition of the ores, 
especially as regards SiO^, FeO, CaO, and ZnO, and, frequently, 
also AljOg, BaO, MgO, and S. The methods used should be 
fairly accurate and at the same time rapid, for otherwise it 
becomes impossible to get analyses done within twenty-four 
hours after taking the sample, as should always be the case. As 
regards slags, rapidity is of vital importance, for the removal of 
some trouble connected with the working of the furnace fre- 
quently depends on ascertaining the composition of the slag 
being produced, and in this case a slag analysis to be of any use 
should be completed within a couple of hours or so. In order 
to secure this rapidity it is important to be able to decompose 
the slag with acid quickly and completely without a preliminary 
fusion. This can be always done, provided the slag sample is in 
a vitreous condition and very finely pulverised. Slag samples 
should be always taken by inserting an iron rod or small ladle 
into the potful of molten slag several inches deep, removing, and 
instantly plunging into a deep vessel of cold water, by which 
means the silicates are prevented from crystallising and remain 

* Eurioh, Private communication, May, 1896 ; this coincides also with 
the author's experience. 

t Proc. Inst. Civ. Eng., vol. cxii., pp. 151 and 192. 

X Min. Ind., vol. iii., p. 440. 

%v. Furman, Manual of Practical Assaying, N.Y.,p. 79, etseq.; Hofman, 
Metallurgy of Lead, -p. 274, etseq. : Croasdale, E. andM. J., March 11, 1893.. 
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in the unstable vitreous condition. The final sample of 30 to 
50 grammes should always pass a 120-mesh sieve, and the portion 
of a few grammes which is to be weighed out for analysis should 
be finely ground in an agate mortar. If this be done all lead 
slags and most lead and silver ores will be completely decom- 
posed by boiling in HCl for a few minutes. Another essential 
condition of rapidity is the use of the smallest possible quantity 
of water and reagents. 

The case of an easily decomposed ore or slag will first be con- 
sidered : — 

First portion for ^\0^ FeO. — Weigh 1 gramme of ore or 
0-5 gramme of slag ground in agate mortar as above, mix in a 
porcelain dish with 2 c.c. water and a pinch of KCIO3, add 4 c.c. 
strong HCl and stir well, then 3 c.c. concentrated HNOg and 
evaporate to complete dryness. Add a few drops HCl and repeat 
evaporation to dryness, baking the residue well, but not igniting 
it to such a temperature as to decompose FogClj. Cool, add 10 
c.c. strong HCl, break up the clots with a glass rod, hoil, dilute, 
and decant through a very small filter. To the residue in the 
dish add 6 c.c. of a saturated solution of ammonium acetate, stir 
well, boil, settle a moment and decant through the filter. Repeat 
the washing with ammonium acetate twice, then pour the 
resiJue on to the filter and wash with small quantities of hot 
water until the last drop of the washings is tasteless. The 
residue is treated with a drop or two of ammonia water, re- 
washed, dried, ignited, and weighed. As a general rule, it may 
be calculated as SiOg with sufficient accuracy, especially in the 
case of a slag, but it may contain insoluble silicates of alumina 
and lime and traces of BaSO^ (part of which, however, is dissolved 
in the concentrated HOI). If greater accuracy is desired, it may 
either be fused with alkaline carbonates, or evaporated to dry- 
ness twice with excess of HP, in which case any residue left is 
composed of insoluble silicates with some BaSO^, the loss of 
weight being SiOg. 

To the filtrate from the insoluble residue add a few grammes 
of granulated zinc (free from iron) to reduce the Fe, run the 
solution through a small filter, add a few c.c. of HjSO^ and titrate 
at once with standard permanganate solution. 

Second portion for BaSO^, check SiOg and CaO. — Weigh 1 
gramme of ore or ^ gramme of slag, treat as above with water, 
KClOg, HCl and HlSTOg, then add a few drops of HjSO^, 
Evaporate to dryness, ignite gently, cool, boil out with 20 c.c. of 
water and ten drops of HjSO^, filter, and wash several times 
with hot water. Digest the residue with ammonium acetate 
several times, and then wash with hot water (this filtrate and 
washings should be saved separately, and will serve for a check 
•wet assay for lead by the molybdate method already described.* 
* V. Chap. i. p. 9. 
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Wash the residue with two drops of ammonia water, and again 
with hot wator, dry, ignite, and weigh as Si02 + BaSO^. The 
difference between this weight and that of the SiOj obtained 
from the first portion may be considered as BaSO^, or this 
residue also may be evaporated down with HF to get a check 
on the SiO„. 

Boil the filtrate, make alkaline with AmHO, add 5 c.c. AmHO 
in excess (to ensure the formation of suflBcient oxalate to keep 
MgO in solution), then add a saturated solution of oxalic acid 
till the precipitate of ferric hydrate just redissolves on boiling. 
Boil for a minute or two, filter, and wash the precipitate on the 
filter several times with boiling water. Pierce the filter, wash 
the oxalate of lime into a 4-oz. flask with a jet of boiling water, 
pour 5 c.c. of dilute H2SO4 over the filter, and wash it all down 
into the flask, heat to boiling, and titrate immediately with 
standard permanganate solution, the standard for CaO being 
one-half of that for Fe. 

A sample of readily decomposed ore or a slag can be easily 
analysed roughly for SiOj, BaSO^, FeO, and CaO in from one 
and a-half to two hours. 

Ores containing Insoluble Silicates and much BaSO^. — Take 
1 gramme ore or \ gramme slag, decompose with HCl, HNO3, 
and HjSO^, evaporate to dryness and digest the residue with 
ammonium acetate to dissolve out lead sulphate, exactly as in 
the first method, after filtering off the soluble sulphates. Dry 
the residue and fuse either in a platinum crucible with NajCOj 
or in a large silver crucible with KHO for thirty minutes, disin- 
tegrate the fused mass in water, boil, filter, and wash well. The 
filtrate containing alkaline silicate may be evaporated to dryness 
twice with HCl and the residual SiOg filtered off, dried, ignited, 
and weighed ; or, if the silica has been determined on a separate 
portion, this filtrate may be thrown away. Dissolve out the 
residue in 3 c.c. HCl and 10 c.c. water, boil, reprecipitate with 
a few drops of HjSO^, filter, wash dry, ignite, and weigh the 
BaSO^. The HCl filtrate from the BaSO^ contains the Mfi^, 
CaO, and other bases of the insoluble silicates ; it may either be 
added to the first acid filtrate from the decomposition of the ore 
or the bases may be determined in it separately. 

Alumina and magnesia may be determined in any of the fore- 
going portions by ordinary gravimetric methods. 

Zinc. — Dissolve a separate portion of 1 gramme, remove the 
SiO, and Pb as above, peroxidise with KCIO3, add large excess 
of AmCl and AmHO, filter at once, and titrate the zinc in the 
cold filtrate sliglitly acidified with HCl by means of standard 
ferrocyanide solution, using uranium acetate as the indicator 
and pure ZnO for standardisation. With ores containing much 
iron the results are always low, owing to the obstinate retention 
of Zn by the iron precipitate. 
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A rapid and very satisfactoiy way of determining zinc and 
lead in a single portion is the following : — 

Dissolve I gramme ore in 10 c.c. of 1 to 3 HgSO^ and 5 c.c. 
strong HNO3, boil down in a porcelain capsule till strong fumes 
of SO3 are given off, cool, dilute to about 40 c.c, filter off the 
PbSO^ and insoluble matter,from which the former is dissolved by 
am. acetate and titrated as usual with molybdate. To the filtrate 
add 200 grains potassium bitartrate, a slight excess of AmHO, 
and a little FejClg (unless the ore contains 10 per cent, of iron or 
upwards). Titrate with ferrocyanide, using as indicator glacial 
acetic acid spotted on a plate, the end reaction, which is a sharp 
one, being indicated by formation of Prussian blue. The re- 
action differs from that which takes place in an acid solution, 
but appears to be quite uniform, and pure zinc oxide is used for 
standardisation. Manganiferous ores and slags should be dis- 
solved in HNOg alone, evaporated to dryness and taken up with 
HNOg and KCIO3. Then filter off the insoluble matter, oxides 
of Fe and Mn, &c., through glass wool, wash with dilute HNOg, 
dilute, and proceed as above. 

Manganese is best determined in a separate portion of 1 gramme 
by Volhard's method, using smlphuric acid in the evaporation to 
separate Pb and Ba with the SiOj, and then precipitating FegOg, 
AlgOj, &c., from the filtrate by means of an emulsion of zinc oxide 
in excess in a graduated ^-litre flask, the contents of which are 
then brought up to the mark with distilled water, and after 
thorough shaking allowed to settle. When the supernatant 
liquid is practically clear, 100 c.c. are, by means of a pipette, 
transferred to an 8-oz. flask, brought to a boil and titrated with 
standard permanganate, the standard of the solution for Mn 
being -2964 of its standard for Fe. The error introduced by the 
volume of the precipitate of ferric hydrate with excess of zinc 
oxide may be usually disregarded, but, if necessary, a correction 
may be applied by weighing the precipitates from several deter- 
minations after washing, drying, and igniting, and calculating 
the volume of solution displaced. 

Copper* may be determined either by the battery, by the 
iodide method, or by cyanide ; in either case it should be first 
sepai-ated from the solution by precipitation with Zn (Al) or 
with sodium hyposulphite in a boiling acid solution. The 
electrolytic and iodide methods are preferable for high-grade 
copper products, but, according to the author's experience, no 
method gives more accurate results on ores than titrating 
against a " check " with cyanide, after previous precipitation 
with pure Zn or, preferably, Al. 

* V. Torrey & Eaton, E. and M. J., May 9, June 6, June 27, 1885 ; also 
Low, Proc. Colo. Sci. Hoc, vol. i., pp. 17, 69; Peters, Modem Copper- 
Smelting, 1895, pp. 41-65, &c. 
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Arsenic is best determined by Pearce's method.* The arsenic 
is precipitated as sulphide or as ferric arseniate, converted into 
alkaline arseniate by fusion with KNO3 and NagCOg, and preci- 
pitated as AgjAsO^, which can be either reduced to Ag by a 
scorification assay and calculated back or determined direct by 
solution in dilute HNO3 and titration with standard solution 
of ammonium sulphocyanate, afcer addition of ammonio-ferric 
sulphate to serve as indicator. 

Sulphur is determined by ordinary methods, weighing as 
BaSO^. The lies method (fusion with KHO in a silver dish) gives 
as accurate results as any and is somewhat quicker than most. 

A simple method of ascertaining roughly the amount of sulphur 
contained in a given ore is by determining the amount of matte 
formed on melting it with carbon, borax glass, and iron. Five 
grammes of ore are mixed with 15 grammes of borax glass and 
3 grammes charcoal and two nails added. The mixture is then 
melted down in a hot fire for fifteen minutes, taken out and 
poured, after removing the nails. The button of matte produced 
is, when cold, carefully removed from the slag (and from the 
lead button, if any) and weighed. With copper-free ores it may 
be reckoned as 30 per cent. S., but with ores containing much 
copper or arsenic it is better reckoned as 25 per cent. S. The 
method gives only a rough approximation, but is very useful 
in works' laboratories pressed for time, as the determination of 
S by this means in ores containing not too much As is generally 
accurate enough for charge-mixing purposes as well as for check- 
ing the work done at the roasting furnaces. The amount of 
matte produced in the furnace is almost always less than that 
indicated by the above assay. 

Calculating the Charge.! — It will be well to consider the 
most complicated case — viz., that of a custom works treating 
ores of very varying composition, including a large proportion 
of siliceous "dry" silver ores (i.e., ores containing only a few 
per cent, of lead). At such works the ores, as received, are 
classified according to their composition, those which are regular 
supplies being invariably unloaded into stock bins, while odd 
lota (after sampling) are sometimes binned, but frequently made 
up into large "beds" of several thousand tons. A classification 
frequently adopted is the following : — To roaster bins, ( 1 ) sulphide 
lead ores; (2) pyritic and arsenical concentrates and fines for 
roasting and slagging. To smelter bins, (3) carbonate lead ores ; 
(4) iron and manganese fluxing ores ; (5) siliceous and high-grade 

' D. Proc. Colo. Set. Soc, vol. 1; also Canby, Trans. A.I.M.E., vol. 
xvii., p. 77. 

+ V. Newhouse, S.M.Q., vol. ix., p. 373 ; Murray, E. and M. J., Aug. 13, 
1887, March 5, 1892; Furman, S.M.Q., vol. xiv., p. 1.34; Hofman, 
Metallurgy of Lead, p. 209 ; also a paper by the author in Proc. Civ. Eng., 
vol. cxii., pp. 133, et aeq. 

12 
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ores. In this scheme all the odd lots, blendic, barytic,'and some- 
what coppery ores, as well as the bulk of the ordinary dry ores, 
are made up into "beds." Sometimes many more classes are 
made, as described in the author's paper cited below. 

The first consideration must be whether there is or is not suffi- 
cient lead for separating from the other ingredients of the ore 
and for collecting the silver. There is no upper limit to the pro- 
portion of lead, for even pure roasted galena ores can be smelted 
in a blast furnace (though with heavy volatilisation losses) ; 
practically, however, the ore charge rarely, if ever, contains 
over 40 per cent. The lowest limit for good work is about 
10 per cent, by dry assay, but there is considerable loss of silver 
with so low a charge, unless the ores are comparatively free 
from zinc. With impure and refractory ores the charge should 
contain at least 14 or 15 per cent, lead, and, as a general average, 
12 per cent, by dry assay should be reckoned, the yield being 
about 80 per cent. The amount of silver in the ore should be 
such as to yield a "bullion" or work-lead of not more than 
400 ozs. per ton. In Europe where "dry" silver ores are com- 
paratively scarce the work-lead produced, except at Freiberg, 
rarely contains even one-half of the above amount. In the 
United States and Mexico, however, dry ores are so abundant 
that lead in blast furnace smelting is regarded more as a vehicle 
for the collection of the precious metals than as one of the two 
principal metallic constituents of the ores, and, therefore, the 
base bullion produced sometimes runs up even to 500 ozs. 
Even in Denver, however, a bullion of 300 ozs. is preferred, 
and it is only the scarcity of good lead ores which sometimes 
leads to the production of a higher grade bullion. 

We will assume the case of a custom works classifying its 
ores received as follows : — 

1 . Lead sulphide ores and concentrates which are roasted* in whole or 
in part. 

2. Auriferous and argentiferous pyrites, mispiokel and coppery concen- 
trates, and quartzose lead ores low in silver which are roasted together 
and then slagged, fluxing each other and giving a good product for the 
furnace. 

3. High grade silver ores in quartzose gangue. 

4. Odd lots of neutral, calcareous, siliceous, argillaceous, and other 
medium grade lead and silver ores, which are mixed together in a "bed," 
as they come in, with the object of making as few regular classes as 
possible. 

It may be further assumed that under local conditions iron 
flux is scarce and dear, while impure limestone is cheap. 

After analysing the different ores and ascertaining what 

* With reference to the proportion of sulphide ores which must be 
roasted, a common rule nowadays is so to compound the charge that 
the production of matte will amount to 8 or 10 per cent, of the weight of 
charge — i.e., for example, 10 to 12 tons of matte daily from a furnace 
averaging 120 tons of charge per day. 
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amount of each is available, the first step towards calculating 
a normal charge is to figure MnO as FeO, and MgO and BaO as 
CaO. The atomic -weights of Fe and Mn being so nearly alike 
the percentages of their protoxides are simply added together. 
Magnesia and baryta are reduced to their equivalent in CaO 
by multiplying by 1'4 and 04 respectively. When the quantity 
of zinc is small ZnO is also reckoned as CaO ( x 0-7), but when 
large a separate calculation is better. The analyses modified 
as above are tabulated in the following form, the analyses of the 
fluxes available and that of the coke ash being added : — 

TABLE XX. — Analyses op Charge Components. 



Composition. 


SiOj. 


FeO 
MnO. 


CaO 
MgO 
BaO. 

2 

5 
3 

50 
10 


AijOa. 


ZnO. 


Cu. 


s. 


As. 


Pb. 


^8- 
Ozs. 

p.t. 


Roasted ore. 
Slagged „ 

Siliceous ,, 
Iron flux, 
Limestone, . 
Coke ash, 


10 
25 
32 
80 
10 
5 
50 


27 
40 
20 

3 
75 

2 
30 


5 
2 

i'6 


11 
2 
3 


0-5 

3 

1 


6 

I 
0-5 


2" 
1-2 


35 

16 

20 

1 


50 

30 

40 

100 



For the sake of simplicity the " ton " used is supposed to be 
the American " short " ton of 2000 lbs. We will suppose that 
the supply of these various classes of ore is approximately in 
the proportions given in the second column of the following 
table, which shows the number of lbs. of each constituent in 
a hypothetical preliminary trial charge supposed to be made up 
of the difierent classes of ore in the same proportion in which 
they are available in the stockbins or in the regular supplies : — 

TABLE XXI. — Proportionate Weights op Charge 
Components. 



Class of Ore. 


Lbs. 

per 

Charge. 


SiO,. 


PeO 
MnO. 


CaO 
MgO. 


AljOj. 


ZnO. 


Cu. 


S. 


As. 


Pb. 


Ozs. per 
Charge. 


Roasted, . 
Slagged, . 

Siliceous, , 

Total, . 

Average, 


200 
150 
250 
100 


Lbs. 
20 
37 5 
80 
80 


Lbs. 

54 

60 

•50 

. 3 


Lbs. 
4 

12-5 
3 


Lbs. 

12'5 
2 


Lbs. 

22 

3 

7-5 


Lbs. 
1 

4-5 
2-5 


Lbs. 

12 
3 

50 
0-5 


Lbs. 

3" 
3-0 


Lbs. 
70 
24 
50 

1 


5 
2-25 
5-0 
5-0 


700 


217-5 
31-1 


167 
23-9 


19-5 

2-8 


14-5 
2-07 


32-5 
4-6 


80 


20-5 


6-0 


145 
20-7 


17-25 
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From a considersj,tion of the above totals^ seeing that limestone- 
is cheap and the zinc s mall in amount, it is evident that a high 
ratio of lime to iron will be most economical, while the combined 
amount of zinc and alumina, though not great, is. sufficient to 
render it inadvisable to aim at anything above a monosilicate. 
The type slag No. 4 (p. 117) will, thereforie, be a good one. 
With a slag so high in lime, and, therefore, of high melting 
point, it may be reckoned that nearly half the sulphur not 
appropriated by the copper will either pass into the slag or 
be eliminated as SOj (SOg). 

We will assume that the furnace is to take half-charges of 
1500 lbs. on each side, out of which 200 lbs. or 13 per cent, 
shall be returned slag, and that each ore charge of 1500 lbs. 
is to be smelted with a fuel charge of 250 lbs. of inferior coke 
with 15 per cent. ash. 

The complete calculation of a charge requires five separate 
computations : — 

1. The copper present being all calculated to CU2S, how much metallic 
iron wiU be required to form FeS with half of the remaining sulphur ? 

2. How much metallic iron will be required to form FejAsa * with the 
arsenic present ? 

3. How much iron ore is required to yield the above amounts of 
metallic iron ? 

4. How inuch flux is required for the coke ash ? 

5. How much flux is required for the ore mixture ? 

(1) Sulphur. — 700 lbs. total ore contain 8 lbs. total Cu. 

S : Cu2 : : 32 : 126-8 1 = 0-2524 : 1 
8 lbs. Cu X 0-2524 = 2-02 lbs. S required to form CujS. 

But there are 20-5 lbs. S present, therefore one-half of the remaining. 
18-48 lbs. S is by hypothesis to be reckoned as combined with iron. 

Fe : S : : 56 : 32 = 1-75 : 1 
9-24 lbs. S X 1-75 = 16-17 lbs. Fe required to form FeS (matte). 

(2) Arsenic. — 700 lbs. total ore contain 6 lbs. total As. 

Fes : As2 : : 280 : 150 = 1-86 : 1 
6 lbs. As X 1-86 = U-18 lbs. Fe required to form FejAsa (speiss). 

(3) Iron Ore.— The required slag being 35Si02 27FeO, part of the iron 
in the flux is required to neutralise its silica. 

FeO : SiOs :: 27 : 36$ = 0-77 : 1 
10 per cent. Si02 x 0-77 = 7 "7 per cent. FeO required to neutralise Si02. 
The available FeO is, therefore, 75 - 7-7 = 67-3 per cent. 

Fe : FeO : : 56 -. 72 = 0-7 : 1 
Available Fe = available FeO x O-f = 67-3 x 0-7 = 52-34 per cent. 

* Not FejAs as given by Hofman, <yp. cit., p. 212. 

t According to the atomic weights. 

t According to the percentages in the required slag. 
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Total metallic iron required as aboYe— viz., 16-17 lbs. for matte and 
11-19 lbs for speiss = 27-36 lbs. Putting x as the amount of iron ore 
required to yield this amount, we have 

27-36 : X :: 52-34 : 100; whence x = 52-3 lbs. iron ore. 

(4) Coke Ash.'— When moderately good coke is employed, the error 
introduced by neglecting its ash is trivial, especially when the ash is not 
very siliceous ; this calculation, therefore, is frequently omitted with good 
coke. This cannot be done, however, if the coke has much ash, and it is 
better to make the calculation once for all on an average sample of the 
kind of coke to be employed, and then use a constant calculated as below. 
Ihe analyses show 

Pounds. Material. SiOj FeO. CaO 

100 Coke;ash, 50 30 10 

X Iron ore, 10 75 

y Limestone, 5 2 50 

Let the percentages of SiOj, FeO, and CaO in the chosen slag be repre- 
sented by c, a, and 6 respectively. Then since a + h + c is constant ( = 90) 
we have 

(1) FeO=-|. CaO; and also (2) FeO = — . SiOj. 

Now for the type slag No. 4, a = 27, 6 = 28, and c = 35. 

From equation (1), substituting the figures of the analysed, we have 

30 + 0-75a: + 0-02y = ||- . (10 + -50^); 

simplifying we get a: = 0-62 y - 2-71 L 

From equation (2) FeO = - . Si02 

27 
30 + 0-75a; + 0-02y = — . (50 + O-lOx + 0-05s/); 

simplifying we get a: = 0-028 y + 12-8 II. 

Then from I. = II. we get 

y = 67 lbs. limestone \ • j . jj , „,» „ , 

S = 14-6 „ iron ore r i's<l™''ea to flux 100 lbs. coke ash. 

(5) Fluxes for Ore Mixture. — 

Pounds. Material. SiOj per ct. FeO per ct. CaO per ct. 

100 Ore mixture, 31-1 23-9 2-8 

X Iron ore, 10 75 

y Limestone, 6 2 50 

(1) FeO = I . CaO 

23-9 + -75 a; + 0-02 y = II . (2-8 + 0-50 1/) ; 

* Slide rules and other mechanical devices have been invented to simplify 
this and the following calculations [v. Roberts-Austen, Introduction to the. 
Study oj Metallurgy, 1898, p. 247 ; also Wingham, " Discussion on Smelting 
Processes, " Proc Inst. Civ. Eng. , vol. cxii. , p. 206). They appear to be largely 
used in connection with iron blast furnaces, but the author is not aware 
that any appliance oi the kind has ever been employed in lead smelting 
works. The necessary calculations are, after all, very simple. 
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simplifying, 



23-9 



a; = -616 y - 28-27 HI.- 

(2) FeO = - . SiOa 

27 
0-75x + 0-02y = .^ (31 -1 + 0-10 a; + 0-05 y); 

X = -027 V + "136 IV. 



simplifying, 

From III. = IV. we get 

y = 48-23 lbs. limestone 1 j^q j^ ^^ ^^^ ^i^^^^^_ 

x= 1'44 „ iron ore J^ 
Thus to flux 700 lbs. of ore there will be required 10 lbs. of iron ore and 
337 lbs. of limestone, making with the ore itself 1047 lbs. 

We have already towards our charge the fluxes for the coke ash. 250 lbs. 
of coke at 15 per cent, ash gives 37 '5 lbs. ash, which requires 
Limestone, . . . .25 lbs. 
Iron ore, . . . . . 5 , , 

30 lbs. 

Also the slag charge is 200 , , 

230 lbs. 

The difference between 1500 lbs. and 230 lbs. is 1270 lbs., which must be; 
the combined weight of the ore and its fluxes in the charge. 

Now 700 lbs. of ore require in all of fluxes : — 

To flux silica as above. Limestone, . . 337 lbs. 

,, ,, „ Iron ore, . . 10 
To form speiss and matte, , , . .52 
Add weight of ore, 700 



::} 



62 lbs. 



Weight of ore and its fluxes. 



1099 



1099 X = 1270 gives us a; = 1"156 as the coefficient by which to multiply 
the above figures, and we have for our half charge : — 



TABLE XXIa. — Composition of Furnace Charge. 




Fluxes Lbs. 










Total. 


In Practice. 




For Ore. 


For 
Coke Ash. 


Roasted ore, . 


. 


, 


231 


230 


Slagged „ . 


i 809 lbs. 


total. 1 


173 
289 


175 
290 


Siliceous ,, . 


; 


( 


116 


115 


Iron ,, . 


71 


5 


76 


75 


Limestone, . 


.390 


25 


415 


415 


Slag, .... 






200 


200 


1500 


1500 



The column headed " in practice '' shows the charges actually 
weighed out, the furnace scale beams being usually set only to- 
5 lbs. If any portion of the ore or flux is wet, as, for example. 
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the siliceous ore or the iron flux, allowance is made by adding 
on 5 per cent, or 10 per cent, (as indicated by the result of a 
special moisture sample) to the weight of that class of material. 
The total weight of charge will then run over 1500 lbs. The 
same is done in the case of wet coke. Table XXIa. shows the 
total number of pounds of each constituent in the combined half 
charge of 1500 lbs. ore, slag, and fluxes, and 250 lbs. coke. The 
total number of pounds of slag — viz., 1042 — is found by adding 
together the number of pounds of SiOj, FeO, CaO, Al^Og, and 
90 per cent, of the ZnO, and allowing 3^ per cent, extra for 
PbO, S, alkalies, (fee. The amount of zinc going into the slag 
will vary a good deal, but, as a rule, from 10 to 20 per cent, will 
cover the amounts volatilised and carried into the matte. The 
coefficient for proving that the slag has been correctly calculated 
is obtained by 1042 x = 1000. The amount of lead in the charge 
(the total charge of ore and fluxes without slag is usually referred 
to) is 12'9, or, including the slag also, 112. 

The quantity of matte is obtained by supposing the CujS and 
FeS (already determined) to form 80 per cent, of it ; the lead in 
it will not average more than 10 to 12 per cent., while the 8 per 
cent, remaining will cover zinc and other substances. The 
richness of matte in silver is generally calculated by supposing 
the lead present to be equally rich with the work-lead,* but this 
is only a rough approximation, and the matte is generally found 
to be richer than would be indicated by this calculation. The 
author finds that a much closer approximation to the amount of 
silver carried into the matte is obtained by reckoning that both 
the lead and copper contents of the matte are equally rich with 
the work-lead, except when the copper runs up to 20 per cent., 
above which point it seems to be only about two-thirds as rich 
as the lead. Such rules, however, are only approximations, and 
the amount of silver carried into the matte varies not only with 
the nature and amount of the other impurities present, but also 
according to the relative proportions of the two products. 

The quantity and richness of the work-lead may be got at 
pretty nearly by reckoning that 3 to 5 per cent, of the lead 
present and 2 to 4 per cent, of the silver go into the flue-dust, 
while, unless some fume filtering process is adopted, even in 
good work with charges low in lead, some 8 to 12 per cent, of 
the lead and 1 to 3, or even 4, per cent, of the silver are lost in 
slags and in uncondensed fumes. These figures are, of course, 
based upon commercial assays, the true figures of corrected assays 
would frequently show much higher losses. The remaining lead 
and silver, less that accounted for in the matte, will be found in 
the work-lead. As average figures in the case under considera- 
tion we may suppose that 4 per cent, of the lead and 3 per cent. 
of the silver pass into the flue-dust, from which they are subse- 
* Furman, S. of M. Q., vol. xiv., p. 144. 
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quently recovered, less the loss on re-treatment; while, say, 10 
per cent, of the lead and 3 per cent, of the silver are lost: We 
have thus — 

Wt. in Charge. Loss in Smelting. Hue Dust. ^vork Lead. 

Lead, 167-6 lbs. - 10 per cent. = 150-9 lbs. - 5 per cent. = 143-4 lbs. 
Silver, 19-92 ozs. - 2 per cent. = 19-52 ozs. - 3 per cent. = 1894 ozs. 

The OujS with half the remaining S, as FeS, add up to 39-8 lbs. ; 
as this forms 80 per cent, of the matte, the total weight of the 
latter will be 49-75 lbs., containing on an average, say, 12 per 
cent, or 6 lbs. of lead. There are left 143 - 6 = 137 lbs. of work- 
lead (about lOJ per cent, yield on the ore and fluxes) which 
couitains about 276 ozs. silver per short ton without allowing 
for that in the matte. 

The matte contains 12 per cent, lead and 16 per cent, copper, 
or together 28 per cent, of material as rich in silver as the work 
lead ; therefore the matte at 28 per cent, of 276 ozs. will assay 
about 80 ozs. per short ton and remove about 2 ozs. of silver 
from each charge. 

For the work-lead we ha-ve left 137 lbs. of lead, and 18-74 - 2 
= 16-74 ozs. silver, corresponding to about 244 ozs. per short ton ; 
the net yield of bullion being thus 15-5' per cent, on the ore 
alone or 10| per cent, on the total weight of ore and fluxes. 

No separate calculation is made for gold, since this metal is 
much more perfectly concentrated in the work -lead than is the 
case with silver, the matte containing relatively very little. So 
far from there being any perceptible loss in smelting gold ores, 
the gold obtained in bullion is usually in excess of the amount 
paid for or charged in the furnace books ; most of the ores and 
iron fluxes carrying minute traces not accounted for. 

The foregoing complete method of calculating a charge is only 
necessary at large works treating a varietj' of ores ; in smaller 
works and in those which treat ores from only a single mine or 
group of mines, the calculation can often be simplified by leaving 
out of account the coke-ash, speiss, and matte, and adding a 
rough constant to the proportion of fluxes found for the ore 
charge in accordance with the result of practical experience. 
A simplified method of calculation on this plan is given in the 
paper on Smelting Processes already referred to,* and may be 
found useful by hard pressed metallurgists in charge of small 
plants. A further reason for using in practice a simpler form of 
calculation is to be found in the fact that the behaviour of 
sulphur in the furnace, and therefore the proportion of matte 
formed, depends very largely on furnace manipulation and par- 
ticularly on the amount of blast used. If the atmosjihere be 
distinctly reducing, as in the typical practice, the matte formed 
corresponds closely with the amount indicated by calculation ; 
* Prsc. Inst. Civ. Eng.i vol. cxii., part ii., p. 135. 
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but if the blast be largely in excess of the quarftity required to 
burn up the coke, as is the case occasionally in modern practice, 
sulphur may be very largely eliminated as SOj. Even without 
varying the blast the production of matte varies according to 
the permeability of the charge, a closely-packed fine charge 
always yielding more matte than one of the same composition 
which is open and loose. 

A still simpler method of calculating furnace charges consists 
in the use of a slide rule with slides for each base, specially 
graduated, so that equivalents of the different bases are measured 
by the same length. Such a slide rule is that devised by 
Wingham * with special reference to iron blast-furnace charges, 
but which can also be used for any kind of smelting, as it 
contains three separate silica scales — viz., for mono-, sesqui-, 
and bi-silicates, and base scales for lime, magnesia, alumina, 
ferrous oxide, and alkalies. On the back are other scales for 
sulphur required to form matte, iron-oxides to displace PbO and 
CugO, limestone required to yield a given weight of lime, <fec. 
With the aid of this simple apparatus the calculation of the basic 
or acid excess of any particular ore from its analysis is a purely 
mechanical operation occupying a few moments only ; and, as 
already mentioned, this is practically all that is necessary except 
in very large custom works where great differences exist in the 
nature and proportion of the bases present, and where, therefore,, 
it is necessary to know whether the basic excess or deficiency in 
any given ore is an excess or deficiency of iron or of lime. 



FURNACE MANIPULATION. 

This may be described under four heads — viz., " Blowing-in," 
" Blowing-out," Regular Smelting, and Irregularities in furnace 
working — all with reference to the large oblong furnaces already 
described. 

1. Blowing-in. — The points to be observed in connection 
with this operation are, first, that the crucible of the furnace 
should be thoroughly dried out and heated red-hot before 
attempting the blowing-in proper ; second, that it should be 
filled with hot molten lead as rapidly as possible to avoid 
crusting up the bottom; and, third, that the first slag which 
comes down should be ferruginous and as hot as possible, so 
that it may keep the lead hot and not form incipient top-crusts. 
The various methods of attaining this end by the use of bars of 
lead are described in great detail in the work of Hofman,t to 
which reference may be made with advantage. 

When bars of lead for filling the crucible are not to be had — 

* Joum. Iron and Steel hutitute, part i., 1892, p. 233. 
+ Metallurgy of Lead, New York, 1893, pp. 219-224. 
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as has happened to the author in Mexico * — the furnace may 
be started direct on specially high-grade lead ores, preferably 
carbonates, though thoroughly roasted and agglomerated galena 
ore would no doubt be equally efficient. In this case, after the 
crucible has been heated red-hot, first with several fires of good 
hard wood and then with charcoal, the lead-well and syphon-tap 
are thoroughly heated, and then a clay plug is put in the latter 
and the well is piled high with glowing charcoal. Upon the 
charcoal fire in the bottom of the crucible are charged large 
clean pieces of coke, which are turned over and over under 
a light blast through a length of 2-inch pipe, and as they ignite 
more coke is added till the whole crucible is filled with a glowing 
mass. The breast is then put in, large sticks of selected charcoal 
fed in to about the top of the jackets, and the furnace is then 
filled as rapidly as possible with alternate layers of coke and of 
the rich ore selected for blowing-in, to which just sufficient iron 
ore is added to form an easily fusible liquid slag.t As soon as 
the furnace is full, the flow of water through the jackets is 
increased and a light blast is turned on. The lead in this way 
comes down quite hot and sufficiently fast to fill the crucible in 
a very few hours ; slag is tapped at intervals, and as soon as lead 
begins to run from the slag spout the lead well is cleared from 
charcoal, the plug in the syphon-tap is knocked out with a bar, 
and the furnace can be put on its normal charge. When care is 
taken in filling the crucible, not to get too much of the coke 
burnt away or clinkered, this method of blowing-in without 
using bars of lead can be made to give very good results. 

2. Blowing-out. — When a furnace is in want of repairs or 
gets crusted up in the crucible; when some serious accident 
happens to the water supply; or when fuel or ore runs short, as 
occasionally happens, it is necessary to blow-out. This is done 
in the inverse way to blowing-in — viz., by stopping the regular 
ore charge and substituting slag with iron ore until the ore left 
in the shaft has been smelted out. The charge is then allowed 
to sink; the dampers leading to the dust flues in the case of 
furnaces with telescopic stacks being closed, while in the case 
of open-top furnaces the cast-iron coverplates are put on and 
luted down. When the charge has sunk so that flame begins to 
make its appearance on top, or even very heavy lead fumes 
without flame, the blast is shut olF, the tuyeres taken out, the 
slag tapped till no more will run, the tapping jacket and breast 
removed, and the contents of the furnace are drawn. This is 
done by raking them out with iron hoes into a succession of 
wheelbarrows, which are taken away and cooled with water, the 
operation being finished by pulling down the front jacket and 

* V. also Church, Trans. A.I.M.E., vol. xvi., p. 611. 
+ All blowing-in charges should be made as ferruginous as possible, as 
the iron monosilioate slag is particularly fusible. 
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Taking out everything. Last of all, the molten lead in the 
■crucible is ladled out into moulds. 

3. Regular Smelting. — In regular work the charges are made 
up either by weighed quantities of ore taken from separate bins, 
the analysis of which has been previously determined, or from 
ore beds of several thousand tons, each composed of layers of ore 
of different compositions approximately in suitable proportions 
for the furnace. The former system has been described in a paper 
by the author* as employed at the El Paso Works (Tex.); the 
latter is the more usual system on the Continent of Europe and 
in most purely custom works. Most American works adopt a 
combination of both, stock-bins being used for certain large and 
regular supplies of ore, the composition of which varies only 
within narrow limits, while ore beds are made up with all the 
odd lots of ore received. In any case, fluxes are weighed separ- 
ately. At some works the ore and fluxes are brought to the 
furnace in trucks and the fuel in wheelbarrows, more commonly 
both are handled in trucks ; occasionally, wheelbarrows are used 
exclusively, though this is not to be recommended. When, as 
is now usual, the whole feed floor is composed of iron plates 
resting on I girders, ordinary trucks can be run anywhere ; but 
when part of the floor is of wood or stone, a good arrangement 
is to use large wrought-iron handbarrows running on a pair of 
wheels, and resting during filling on legs between the handles 
and the wheels. 

Weight of Charge. — All the items composing the charge must 
be accurately weighed into the truck or handbarrow. Almost 
invariably the multiple-beam scale is employed, with a separate 
beam for each kind of material composing the charge. The 
sliding weights on these being once adjusted, the front of the 
case is locked by the furnace foreman, and the beams are thrown 
in and out of gear one by one as required, by means of separate 
levers on the outside. 

The absolute size of the charge is a matter for some consider- 
ation, for upon it, to some extent, depends the intensity of the 
reducing action. When carbonate or very thoroughly roasted 
ores are to be treated and the values concentrated into bullion 
with as little matte as possible (as at Broken Hill), a powerful 
reducing effect is essential, and small charges corresponding to 
only about 15 to 20 lbs. per square foot of section are preferred. 
When, however, much sulphides are to be used in the charge 
and a considerable production of matte is expected, the charges 
employed may with advantage be somewhat heavier, though 
never so large as in copper-matting or pyritic furnaces. 

Method of Feeding. — In charging, fuel always goes into the 
furnace first, being followed by the ore mixture, with fluxes and 
slag on top ; occasionally the ore fluxes and slag are mixed 
* "Smelting Processes," Proc. hist. Civ. Eng., vol. cxiv., part i. 
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togpther, which, however, as shown by Henrich,* does not give 
such good results on account of tending to form a fusible slag 
too high up in the furnace. The fuel should form an even layer 
over the whole ^.rea of the furnace, thicker, however, in the 
centre than at the sides, so as to make the centre of the charge 
more permeable than it would otherwise be to the current of 
ascending gases. As a rule, this is done by feeding most of the 
largest pieces of coke (and all the charcoal, if any is used) 
towards the centre line of the furnace, and then spreading the 
remainder of the fuel evenly over the whole area. Ore, fluxes, 
and slag should be spread evenly, except that the coarser parts 
of the charge are best spread first and the fines on top. 

The presence of fine ore in the charge beyond a certain pro- 
portion (say one-fourth to one-third of the whole) is attended by 
many inconveniences. The first is a great reduction in capacity. 
A furnace smelting 80 tons per day, when nearly the whole charge 
is from nut to fist size or larger, will put through only half that 
quantity when the proportion of fine ore rises to 50 per cent. 
Another and more troublesome result is a choking of the furnace, 
which brings about an increase of pressure and an upward exten- 
sion of the zone of fusion, in consequence of which so much of 
the fuel is consumed before reaching the tuyeres that there is 
not sufficient left to give the slag the necessary degree of fluidity 
for complete separation of matte. Perhaps the worst trouble of 
all in the old-fashioned low furnaces (though in modern high 
furnaces it is neither so frequent nor so serious) is a gradual 
sifting-down of fine ore through interstices between the coarser 
lumps, assisted no doubt by the vibratory motion set up by the 
blast, until in extreme cases barely warm fine ore pours into 
the tuyeres. Even when not reaching such an extreme, this 
sifting-down of fine ore is attended by the serious consequence 
of greatly increasing the loss of precious metals in the slag, since 
such fines as may reach the crucible and become carried away 
mechanically will be comparatively unaltered as regards their 
precious metal contents. Fortunately with modern high furnaces 
of ample area a much larger proportion of fines can be handled 
without serious trouble, than in the lower and smaller furnaces. 
Judgment must, however, always be used in feeding fine ore, 
a good rule being to make the layer thickest all round near the 
sides, throwing an extra shovelful or two wherever the fumes 
appear most dense. Irregular descent of the charges often indi- 
cates improper feeding. The indications of irregular working 
which can be noted on the feed floor are corroborated by the 
appparance of the tuyeres, which, in good work, should be covered 
by a, thin scale of slag, through which the glowing interior should 
be visible in spots like stars. When a tuyere appears to be black 
it should be " rodded " with a bar so as to break away the short 
* E. and M. J., Dec. 27, 1890 ; June 6, 1891. 
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nose whicli has formed, but if this returns very quickly and grows 
thicker, the remedy is indicated in a subsequent paragraph. 

Pressure of Blast. — The blast-pressure should be watched by 
means of the gauge on the blast pipe of each furnace, which 
should be constantly compared with the gauge at the commence- 
ment of the blast main just outside the blower room, and the 
quantity of air given regulated accordingly. Some furnacemen 
are accustomed to treat the blast gauge as a mere means of regu- 
lating the quantity of air which they supply to the furnace, and 
to continually close the furnace blast-gate when the pressure 
rises and open it again when the pressure falls. This plan has 
the great disadvantage that precisely when the furnace from any 
cause gets clogged up and requires more blast to push through 
the obstacle actually less is received, -while when it is smelting 
well and the mass of material in the shaft is in good loose 
condition so much blast will be put on as to drive the heat up. 
A better plan is to determine by repeated trial the volume of 
air at given pressure which a furnace of given dimensions will 
take when burning coke at a given rate, and, instead of continu- 
ally fiddling with the blast-gate, to keep the volume of air 
supplied as nearly as possible constant. This is most easily done 
when each furnace has its own blower, for it is only necessary to 
run the latter at a constant rate of speed ; in the usual case of 
a general blast main supplying a row of furnaces it is much more 
diflacult, because an increased resistance on any one furnace auto- 
matically diminishes the volume of air passing through. By 
keeping the volume of air as nearly as possible constant, the 
blast-gauge becomes a delicate barometer, showing the changes 
which are going on inside the furnace, and in conjunction with 
the other signs visible at the tuyeres and on the feed floor indi- 
cating the remedy to be applied. 

In all furnaces, except those with continuous slag-flow, the 
quantity of slag in the furnace between the slag spout and 
tuyere levels is under the control of the tapper, who once or 
twice in a shift usually allows the slag to rise to the tuyeres, 
and quickly taps it out to see the quantity in the furnace, less 
than the normal amount indicating the formation of incipient 
crusts. The depth of the pool of slag and matte below the slag 
spout depends entirely on the height to which the lead is allowed 
to rise in the lead well. Every now and then it is allowed to 
rise higher than usual, by dipping nothing out, by which means 
matte and speiss rise to the level of the taphole and can be 
tapped out, flushing with them any incipient crusts on the level 
of the lead bath ; the lead is then dipped or tapped from the 
lead well, and comparatively clean slag can be tapped for some 
time. It is very important to keep the level of the lead in the 
well as high as possible, especially when smelting a charge low 
in lead, for in this way the surface of the lead in the crucible is 
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also brought nearer the tuyeres, and the matte and speiss are 
not so liable to ohill. Of course, the higher the level of the lead 
the more is the separation of matte from slag hindered, but this 
does not matter when one or other of the methods of outside 
separations described in chapter x. are adopted. 

Working Force. — The number of men required per shift by a 
furnace from 33 to 42 inches at tuyeres, and 96 to 140 inches 
long is, above, one feeder and two or three charge wheelers accord- 
ing to the daily output of the furnace ; below, one " furnace 
keeper" or lead moulder, one slag tapper, and two to four pot 
pullers or slag men, according to the distance the slag has to be 
taken, and the nature of the arrangements for handling it. 
Besides these, there will be required a variable number of 
labourers on the dump, for breaking up and sorting slag, ifec. 

Irregularities in Furnace Work. — Some of the irregulari- 
ties in furnace work, and the modes of rectifying them, are as 
follows : — 

1. Dark Tuyeres with Long Noses. — The nose is melted off by 
closing the valve of the tuyere in fault, so that the heat from its 
neighbours can creep close up to the iron at that point. The 
same remedy is adopted when stones of ore present themselves 
at one or two tuyeres ; when stones or fine ore appear at several 
tuyeres at once, the remedy is to run down the furnace a few 
feet and fill up rapidly. 

2. " Hot-top " (over-fire, fire-tops). — This is a very common 
incident, especially in low furnaces, and may be caused by 
irregular descent of the charges; by too much fine ore in the 
charge, or by its uneven distribution; by too great blast pressure; 
or by wall accretions. It is usually treated at first by running 
down the furnace a few feet, and filling up rapidly with cold 
charges, adding an extra amount of slag over the hot places ; 
but if the defect persistently recurs after a repetition of this 
treatment, the remedy must be sought further, probably in the 
removal of wall or hearth accretions. 

3. Uneven Descent of Charges. — This is usually accompanied 
by dark tuyeres on the " hanging side," and is often the result 
of bad feeding. The remedy is to feed more fuel on the hanging 
side, and more ore-mixture on the quickly descending side, 
while part of the stream of water may be turned off the jackets 
on the hanging side. Should this not have the desired result, 
a heavy 1^-inch octagonal steel bar is driven down into the 
hanging part of the charge to loosen it and break up any half- 
fused masses. In charges containing much zinc it is preferable 
to drive down the bar at once so as to break off any incipient 
accretions. 

4. Obstruction of the Syphon- Tap. —This may be caused by 
(a) lead sulphide held in solution in the lead separating out on 
cooling ; (6) copper in the lead acting similarly. The temporary 
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remedy is to cliisel out the bottom of the well containing the lead 
and insert into the channel a succession of thick iron bars heated 
red hot. The permanent remedy is a slight alteration in the 
charge. Sulphide in the lead indicates a lack of reducing power 
caused by a want of heat in the smelting zone, and may be cured 
by adding a little more fuel, or, sometime?, by adding more iron 
flux or by slightly diminishing the blast. Copper in the lead 
points to the necessity of adding more sulphide ore to the charge, 
so as to carry it into the matte. 

5. Wall Accretions or " Hangings." — In the charges of many 
modern lead furnaces, which run so high in zinc, the growth of 
wall accretions is at once the most serious and the most com- 
monly recurring of all furnace troubles. Besides contracting 
the furnace area and, therefore, reducing its capacity, they 
always cause irregular descent of the charges, and increase the 
amount of flue dust formed, through the concentration of the 
blast over a smaller area; while they generally cause a "hot-top," 
and grow so fast after once starting, that if neglected on a high 
zinciferous charge, they inevitably cause the furnace to be 
blown out. As soon as they begin to cause irregularities they 
must be detached, an operation known as "barring down." At 
some works it is customary, when treating a very zincy ore- 
mixture, to drive down a long steel bar in the four corners of the 
furnace once every twenty-four hours, with the object of detach- 
ing incipient crusts ; in others, each furnace is let down several 
feet every two or three days, or in extreme cases, even once 
daily with the object of tracing more clearly the growth of 
these accretions. The usual place, however, for hangings to form 
is about a couple of feet above the jackets, from which point 
they rapidly grow upward. 

The removal of the hangings may be accomplished either by 
smelting them out or by dragging and lifting, or by both methods 
combined. The actual barring down is done as follows : — The 
furnace is fed down slowly with a slackened blast till the charge 
has reached the top of the jackets, no lead being drawn from 
the well meanwhile, so that the crucible may be full of lead, 
which is kept hot by the coke floating on it. The blast is then 
stopped entirely, the tuyeres closed, the supply of water to the 
jackets nearly cut off, and the whole of the slag tapped out. 
A double charge of coke is then thrown into the furnace, with 
some slag and iron flux, so as to form a bed for the dislodged 
material to fall upon. The cutting out of the accretions is 
then commenced from the bottom upwards by means of square- 
pointed 1^- to IJ-inch steel bars 16 feet long, which are driven 
with sledges into the crust just above the jackets from the 
opposite side of the feed floor. As pieces of the hangings are 
broken off, charges of fuel, slag, and fluxes are added, if the 
material is to be smelted out in the usual way, until the whole 
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of the crusts have been cut off, when smelting is again started 
under a light blast, keeping the level of the charges low for an 
hour or two. Once broken up, the hangings will frequently 
" smelt out " with great rapidity, and the slag needs to be tapped 
very fast. If a crust has formed on top of the lead it is broken 
up as far as possible with a steel bar through the taphole before 
turning on the blast, and soon smelts out, especially if a few 
bars of lead or a large charge of dross are thrown into the 
furnace on top of the crusts, so as to come down hot and help 
to heat up the crucible. 

If it is preferred to rake out part of the crusts, this is done 
by cutting away part of the bricks between the jackets and the 
deck frame. The broken up accretions are then raked out and 
sent either to the roasting furnaces, to the fuse box of a slagging 
roaster, or to a separate smelting reverberatory ; the opening 
is bricked up, a few slag charges given, the furnace filled with 
the ordinary charge, and the blast turned on again for regular 
work. " Smelting out " is, however, usually preferred as being 
simpler and cheaper. 

6. Hearth Accretions or "Sows." — The formation of accretions 
or crusts on top of the lead is indicated by the descent of the 
charge in jerks accompanied by sudden bursts of flame, sparks, 
or even puffs of smoke ; and by the lead in the well becoming 
dark and cold, and ceasing to "play" with the blast. The 
position and extent of the crust can generally be determined to 
some extent by inserting iron rods through the slag taphole. 
The most usual form of crust is one which begins at the back 
of the furnace and gradually grows towards the front, cutting 
off communication with the crucible and forcing the lead to run 
out with the slag. The usual cause of hearth accretions is a 
wrongly calculated charge, and a slag analysis will generally 
supply the key to the trouble. It is here that the value is seen 
of rapid methods which give fairly accurate results in an hour 
or two. In the meantime all that can be done is to give a slag 
charge now and then, and to slacken the blast so as to give 
a high temperature at the tuyeres, drawing as little as possible 
from the lead well, so as to keep the level high, and breaking 
up the crust as much as possible by driving in steel bars through 
the taphole and down through the mass of charge from the feed 
floor. 

Generally, by this means and by an appropriate alteration 
in the composition of the charge, the crust can be smelted out, 
but sometimes it will not yield to such treatment, and has to 
be removed from the furnace bodily. To do this, the blast is 
stopped and the tuyeres taken out, the openings in the jackets 
plugged with clay, and, after passing heavy steel bars through 
opposite tuyeres near the front of the furnace to hold up the 
mass of charge, the breast or tapping jacket is taken down. 

Xo 



194 THE METALLURGY OF LEAD. 

The cold slag in front is chipped away and a little of the charge 
raked out, balls of clay being rammed up under the front jacket 
to prevent the remainder from coming down. After ladling 
out the pool of lead, which will be found in the front of the 
furnace, the crust is exposed and broken up by starting a hole 
in it with a l^inch square-pointed steel bar, and then wedging 
it up in pieces by means of heavy 2-inch bars. After breaking 
up as much as possible of the crust and raking it out, the clay 
is removed, the space in front filled with charcoal or coke, and 
the breast jacket replaced ; after which the steel bars through 
the tuyeres are pulled out, the clay stoppers in the tuyere holes 
replaced by the tuyeres, and a gentle blast is let on. The lead 
ladled out, together with a few more bars, is added to the top 
of the charge, and smelting is resumed in the normal way, 
except that the taphole requires to be frequently " rodded," in 
order to Jkeep open the communication with the lead in the 
crucible. 

7. Cracked Jackets. — A cracked jacket will often produce 
a crust on the lead ; although the crack may be sometimes 
temporarily stopped by throwing balls of bran or of fresh horse- 
dung into the water feeders of the jacket, this can be only 
a temporary remedy. A burnt wrought-iron side jacket re- 
quires the blowing out of the furnace for its replacement, but 
a cracked cast-iron "section" or end jacket can be easily re- 
placed in the following way : — First, a full stream of water is 
turned on, so as to cool it and thicken the crust ot chilled slag 
lying against it, while two courses of brick are chiselled out 
above. Next, the blast gate on the branch blast pipe is closed, 
and the water supply of the cracked jacket is shut off. It is 
then propped up temporarily, unbolted from its fellows, and 
taken down, a new one being put into its place after carefully 
cleaning the seat from chilled slag. Should the melted slag 
break through the crust, it can be stopped by a clay ball, and 
by playing on the crust for a moment with a hose, if necessary. 

Pumaoe Book-keeping. — Careful account must be kept of 
the work done in the furnaces, debiting to them the quantities 
of metals in the charge as shown by the weights and assays, 
and crediting the products turned out. Hofman* quotes a 
convenient blank form for these accounts. 

* Op. cit., ^.2i3. 
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CHAPTER X. 
BLAST FURNACE LEAD SMELTING— PRODUCTS. 

It has already been seen that the principal products of lead blast 
furnaces are four in number — viz., (1) Work-Lead; (2) Matte; 
{3) Speiss (not often produced) ; and (4) Slag; besides which 
secondary products, such as wall and hearth accretions and flue 
dust, have to be taken into account. 

1. WORK-LEAD. 

Work-Lead or " Base-Bullion." — The lead produced in the 
furnace may be either ladled into moulds direct from the lead 
well, or tapped from it into a movable cooling pot, from which it 
is ladled into moulds of thin cast iron (with the name of the 
works in raised letters on the bottom) of the shape shown in 
Fig. 99.* They are whitewashed to prevent sticking, and hold 




Fig. 99.— Mould. 

•on an average about 110 lbs. each ; they must be carefully 
warmed the first time of using, but the heat of the lead keeps 
them afterwards at the right temperature. At Tarnotuitz 
similar moulds are fixed upon a link belt which is moved by 
hand power as required, the cooled bars being dropped on to a 
truck below the axle carrying the belt. At the Globe and some 
■other works the row of moulds is placed side by side on a long 
car which is pushed transversely across the stream of metal 
tapped from a cooler. 

Comparing tapping with dipping the latter has the advantage 
that the level of the lead is kept more even, by which the 
tendency to form a crust is lessened ; it is, therefore, preferable 
when the percentage of lead in the charge is as low as 8 per cent. 
And also when the lead is to be sold to independent refining 
works, as in that case it is advantageous to mould a good pro- 
portion of the dross together with the lead without skimming. 
When, however, the refinery and the smelting works belong to 
the same proprietors, it is generally preferable to tap the lead 

* From Messrs. Fraser & Chahnera' catalogue. 
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into a cooling pot in which the dross is skimmed off to be 
returned to the furnace, where its copper contents can be taken 
up by the matte, and from which the skimmed lead can be ladled 
at leisure into the moulds. 

Except gold and silver, all the foreign substances present 
appear to collect during cooling in a dross which rises to the 
surface. When the lead is very impure the irregular distribution 
of this dross (which is always poor in silver) may give rise to a 
very irregular distribution of silver in the different parts of 
the bar. When the lead is not under 98^ per cent, the silver is- 
pretty regularly distributed throughout it, the bottom and ends 
being richer than the upper portions, and the centre of the sides 
being the richest of all. Raht, in an elaborate article,* shows 
that the distribution of silver in the bars follows the rate of 
cooling, and that, contrary to what might be expected from a 
consideration of the Pattinson process (q.v.) though quite in 
accordance with the melting points of the two metals, those 
parts of a bar which solidify first are the richest in silver, while 
the lowest silver contents are in that part which cools last — 
usually the centre of the upper surface. The question ot the 
distribution of the silver depends on the formation of a fusible 
eutectic alloy of silver and lead, which cannot be considered in 
detail here. 

The irregularity in composition renders necessary special 
precautions in sampling. A very good way is to saw the bars 
across and take the sawdust as sample, but the more usual way 
is by means of a long-handled, hollow, spherical mallet fitted 
with a movable punch, which is simply driven about 2 inches 
into each bar of lead by a single blow, the chips being forced 
back into the hollow mallet, whence they are removed at 
intervals. The usual system is to take a row of five bars face 
upwards and drive the punch into each in a diagonal line from 
the far end of the first to the near end of the fifth ; then, turning 
the bars over, another sample is taken from each along the 
opposite diagonal. If the holes are correctly spaced (which after 
a little practice can be done with great rapidity) the sample will 
be very nearly accurate. The chips from each truck load of bars 
(say 10 to 15 tons) are melted down in a plumbago crucible, well 
stirred with an iron rod, and poured into a mould. The resulting 
sample bar is drilled completely through in three or four places, 
or is sawn across in two places, the sawdust being taken as the 
final sample. 

Another method of sampling recently adopted at a leading 
American works, according to Hofman, f consists in sawing into 
each bar by means of a circular saw provided with stops so as 
to prevent the cut going more than halfway across. The cuts 

* Mineral Indiistry, vol. iii., p. 414. ■\Ihid., vol. iii., p. 425. 
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are taken alternately from near the ends and from the middle 
and the sawdust is mixed as a sample. 

In the assay very impure bullion may require some scorifica- 
tion, but -with ordinary bullion simple cupellation at a low 
temperature is sufficient. The distribution of silver in an ingot 
of lead has been elaborately worked out by A. Olaudet.* 

Composition of Work-Lead. — The following Table XXIII. 
gives analyses of work-lead or base-bullion from different places : — 

TABLE XXIII. — Analyses of Work-Leads. 





Freiberg, 
Saxony. 


Mecher- 

nich,Rhen. 

Prussia. 

2. 


Przibram, 
Bohemia. 


Andreasberg, 
Upper Harz. 


Leadville, 
Colo. 


Broken 
Hill, 

N.S.W. 


Reference, 


1. 

95-088 
0-470 
und. 
0-019 
0-225 
1-826 
0-958 
1-354 
none. 
007 
002 

0-051 


3. 


4. 

98-91053 
0-09300 

0-01955 
0-03473 
0-06520 
0-38858 
017149 

tr. 
00544 
0-00161 
0-00630 

und. 


5. 


6. 

96-5900 
1-0730 
0-0007 
none. 
0-8200 
0-3800 
0-7100 
none. 

0-0200 

tr. 
none. 

o-'iioo 


Pb, 

Au, 
Bi, 
Cu, 

As, 
Sb, 
Sn, 
Cd, 
Fe, 
Zn, 
Ni, 
Co, 

s, 




99-5913 

0215 

tr. 

0-1332 

0-2180 

0-asuo 

0-0060 

tr. 

und. 


97-3597 
0-4230 

tr. 
0-0070 
0-1100 
0-2900 
1-5240 
0-2500 

0-0036 
0-0012 
00015 

0-0300 


99-079821 
0-611-244 
0-000888 

.tr. 
0-047910 

0-213894 

tr. 

tr. 
0-000,300 
0-001605 

und. 













References, ^l. Hofman, Met. oj Lead, 1893, p. 244. 2. Berg- u. H. 
Zeitung, 1886, p. 434. 3. Oesterr. jahrbuch, vol. xxxix., p. 52. 4. Emmona, 
Geology and Mining Industry of Leadville, Mon XII. U.S. Geol. Surv., 
p. 694. 5. Hofman, E. and M. J., Oct. 21, 1893. 6. Prioate notes. 



1. MATTE. 

Composition. — The mattes formed in lead smelting are 
mixtures of various metallic sulphides, iron almost always pre- 
dominating, but replaced more or less by lead and copper, 
and to a smaller extent by Zn, Ni, Co, Mn, Ag, As, Sb, and Ba; 
other occasional constituents being Ca, Mg, and Bi. At Broken 
Hill, where the ores contain but little iron and are smelted 
quickly at a low temperature, the matte consists chiefly of 
PbS and ZnS. The proportion of copper in the matte depends 
on that contained in the ore, for nearly the whole of it goes into 

* Proc. Inst, of Mining and MetaZlurgy, Oct., 1887. 
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the matte. The percentage of lead in the matte depends almost 
entirely upon the reductive power of the furnace, which in its 
turn is chiefly affected by its height and by the fusibility, or 
otherwise, of the charge. Generally speaking, the higher the 
furnace, and the higher the melting point of the slags, the lower 
will be the percentage of lead in the matte. 

It is generally supposed that iron exists in mattes as FeS, and 
this is no doubt the case as regards the greater portion of it. 
Chemists, however, for a long time have been well aware of the 
existence of magnetic iron oxide in mattes, although the fact has 
been to a great extent ignored by metallurgists. Guyard * 
found 16, and even 23, per cent, of magnetite in some Leadville 
mattes, and supposed them to contain FejO^ as a normal con- 
stituent, formed by Percy's reaction — 

FeS + 10Fe„Os = 7^6304 + SOj ; 

but there would seem to be some doubt as to the accuracy of his 
analytical methods. Hampe's published analyses of matte, 
however, always show oxygen as magnetite, and the author's 
analyses of Rio Tinto matte in 1884-5 showed from 4 to 6 per 
cent, of FcjO^ insoluble in dilute nitric acid. According to some 
papers by Ed. Keller t it appears that the presence of magnetite 
is almost universal, but the lower the copper contents are, the 
more abundant is the magnetite. 

As to the condition of the remaining iron it has been 
frequently observed J that, after calculating the other metals 
present to their respective sulphides, there is not sufficient 
sulphur left to form FeS with the remaining iron, and this 
is true, even if we allow for the iron present as magnetite. In 
the Eio Tinto matte, for instance, after calculating the 43'lli 
per cent, of copper to OugS, and the 1'373 per cent, of Pb, Zn, 
Ag, Bi, Mn, Ni, Co, and As, to their respective sulphides, the 
sulphur remaining is insufficient to form FeS with the iron, of 
■which, after allowing for the 6 -25 per cent, of magnetite, some 
6'14 per cent, remains in excess. This excess of iron has been 
supposed to exist as a subsulphide, but the author adheres to 
the view of Miinster and Schweder — viz., that it exists in the 
metallic condition simply dissolved in the metallic sulphides. 
From 10 to 16 per cent, of metallic iron is found to exist in the 
blast furnace matte produced by smelting roasted pyritic ores at 
Zalathna (Transylvania),§ great part being in the form of 
distinct shots up to the size of a bean. On the other hand, 
Pearce has described || some reverberatory mattes rich in both 

* Emmons, Mm. XII. U.S. Geol. Survey, 1886, p. 724. 
t Colo. S.S.M.Q., Dec. 1893 ; and E.M.J. , Nov. 16, 1895. 
t Hofman, Metallurgy of Lead, p. 253. 
§rarbaki, B- u. H. Zeitung, 1894, p. 177, et seq. 
II Traris. A. I. M. E., vol. xviii. 
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copper and lead in which the proportion of sulphur appears to 
indicate that the iron present exists as ^6283 ; this, however, 
cannot be considered as proved. It is, however, certain, as 
pointed out by Keller, that as regards the composition of 
ordinary mattes containing under 20 per cent. Pb and from 
1 or 2 up to 40 or 60 per cent. Cu, the only thing constant is 
the percentage of sulphur, which varies between the narrow 
limits of 22 and 25 per cent. This percentage appears to be 
a sort of critical point for mattes beyond which sulphur cannot 
be oxidised out without iron going too. The percentage of 
sulphur remaining nearly constant, wide variations in the pro- 
portions of copper and lead are counterbalanced, not only by 
variations in the amount of iron present, but also by differences 
in its mode of combination. When the amount of iron is low, 
part may exist as FejSg ; when high, a portion is always found 
as FcgU.^, and generally another portion also as free metallic 
iron. In the case of mattes very rich in lead it is probable 
that insome cases metallic lead is present, being simply held in 
solution in the bath of sulphides. 

Analyses of blast furnace mattes from lead smelting works 
are given in Table XXIV., some of them being re-calculated 
from the data given so as to show the mode of combination of 
the iron. Two copper mattes are added for comparison. 

The first mattes produced in blast furnaces from mixed charges 
low in lead, rarely contain over about 5 per cent, copper, and 
10 to 15 per cent, lead, though they may carry more lead if the 
furnace is run at too low a temperature. It is worthy of note 
that lead mattes are always very poor in gold, which is much 
more perfectly concentrated in the work-lead than is the case 
with silver. The amount of the latter metal contained depends 
primarily on the grade of bullion produced and on the amounts 
of lead and copper present ; the matter has been already dis- 
cussed in a previous chapter. 

Lead mattes are, in the first instance, simply returned to the 
ore furnace in order to raise their percentage of copper to 12 or 
14 per cent. They are then worked up by roasting and smelting 
together with a part of the ore charge, which serves the double 
object of extracting most of their lead and a good proportion 
of their silver while concentrating the copper, and securing an 
additional iron flux for the lead ore smelted. 

Preparation. — Lead mattes are usually obtained in the form of 
cakes flat on the top and having the form of the slag pots into 
which they were tapped. These cones have to be broken up by 
hammers and passed through a stone-breaker and rolls as a pre- 
paration for roasting in reverberatory or other furnaces. When 
mattes are produced in large quantities in a liquid form, as is 
usually the case now, especially when internal or external fore- 
hearths, Livingstone separating pots, or Iles-Khodes reverber- 
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atones are employed, matte can be with advantage granulated 
like slag. 



TABLE XXIV. 


— Analyses 


OP Lead Math 


^ES. 




A 


^tj 


•si 


H 


■a'g 


18 




0% 


^ 


V • 

II 


^ R 

Sa 




11 


Reference, 


\. 


2. 


3. 


4. 


5. 


6. 


PI), 


5-09 


20 


8-01 


11-16 


12-44 


26-60 


Cu, 


16-81 


10 


1-56 


1-59 


3-49 


32-03 


Fe, 


30-53 


40 


61-00 


41-31 


48 64 


9 50 


Mn, 


... 






1-08 


tr. 




Ni and Co, 






6-26 




11 




Zn, . 


16-35 


I's 




11-55 


4-31 


429 


As, 








0-55 






Sb, 






6-28 


0-93 


6-i3 




Ag, 




6-2 




0-105 


0-035 


i-92 


S, . . . 


18-38 




25-19 


22-23 


25-65 


21-70 


CaO, 








0-05 


0-51 


\ 


MgO, . 


..I 








0-05 




ALO3, . 




... 






1-51 




NajO, . 










0-13 
010 


■ 3-58 


SiOj, 






6-31 


3-06 


1-22 




SO3, . . 










tr. 




and C, 






3-49 


4-79 


2-03 


/ 














100-00 


Note.— 


Mode 


f comb 


mation 


of Fe in 


ibove — 




AsFeS, . 






64-13 


37-70 


56-84 


6 7o(?) 


AsFegOi, 






12-67 


12-60 


7-37 




AsFe, . 






1101 


9-51 


7-13 




AsFejSg, . 












i0 7„(?) 



Rejerences. — 1, 2, and 3. Sohnabel, Handbuch der MetallhUttenhunde, 
vol. i. ,p 385. 4. OesterreichispTies Jahrbuch, vol. xjcxix. ,p. 24. 5. Hampe, 
Chemiker Zeitung, 1882, vol. xvi., No. 28. 6. Pearce, Trans. A. I. M. E., 
vol. xvlii., p. 64. 

At the Arkansas Valley (Leadville), and perhaps at some other 
large modern works, the molten matte tapped into hand pots is 
poured into the centre of a jet of water under pressure of 20 to 
30 lbs. per square inch issuing from a flat fan-shaped nozzle 
(preferably of brass) about 3 inches by ^ inch. Provided the matte 
be sufficiently hot, the water cold, and the pressure not too low, 
all the matte granules will pass an 8-mesh screen and can be 
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roasted, wliile the pot shells which have to be roasted or returned 
should not exceed 5 to 8 per cent, of the whole. The advantages 
of this practice are obvious ; the only disadvantage is the (com- 
paratively little) trouble and expense required to collect the 
granules from suitable tanks and load them into cars for eleva- 
tion to the roasters. 

At the Globe Works Dr. lies prefers to crush his matte, but 
adopts a very simple device as a preliminary preparation. The 
matte is tapped from the forehearths and reverberatory settlers 
into large cast-iron moulds on wheels, forming flat cakes, which 
weigh about a ton each. These are turned out on to the dump 
and, while still red-hot, sprayed by adjustable jets of water, 
under which treatment they break up, and each piece becomes 
fissured with innumerable joints so that the subsequent crushing 
is much facilitated. 

Boasting of Lead Matte. — Lead mattes may be roasted (with- 
out crushing) in heaps, stalls, and kilns, and, after crushing, in 
reverberatory and mechanical furuaces. Formerly, the methods 
of roasting in lumps were almost invariably employed, as is still 
the case to some extent in Europe, but the losses are so great 
on this comparatively high-grade material that modern works 
employ almost exclusively hand or mechanical reverberatories. 
The reactions which take place in roasting matte are practically 
the same as those described in Chapter vi., except that they are 
simpler. With matte, however, the tendency to sinter is more 
marked than with ore (owing to its lower degree of fusibility), 
while the losses of precious metals are usually more considerable 
owing to the greater richness of the material. 

Heap-Boasting. — All the objections to heap roasting of ores 
apply with even greater force to that of matte, while the result 
is usually less satisfactory. 

At Glaustlial (Harz) matte is roasted in heaps of 150 to 200 
tons built on a bed of cordwood, with a second bed of brushwood 
and coal-slack between the largest lumps of matte ranged above 
it. The first burning lasts two to three months and yields about 
one-third as well-roasted product carrying about 6 per cent, 
sulphur, principally as sulphates. The remaining two-thirds 
require two or three more burnings in smaller heaps of 75 to 
100 tons, built up as before, the well-roasted product being hand- 
picked and the residue passed on to another heap. 

In Utah and other parts of the United States heap-roasting 
was commonly practised up to about seven years ago. The piles 
were usually made quite small, measuring 24 by 18 feet in the base 
and, say, 6 feet high, on a bed of light wood from 6 to 15 inches 
thick. They held about 80 tons each and burned from thirty to 
forty days. Fine matte was kept to spread over the heap and 
to check combustion in case the pile should get too hot, but in 
spite of this fusion or, rather, liquation of the lower part of the 
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pile frequently took place. Terhune mentions * a case where 
the fused "bottoms" thus produced assayed twice as high in 
lead and silver as the original matte. He gives the cost of 
roasting down to an average of 6 per cent, sulphur, as $2.25 
(9s. 4d.) per ton, made up of labour (breaking, transportation, 
building, and breaking down piles) $1.65 (6s. lOd.) and wood 
(one-seventh cord) 60 cents (2s. 6d.) per ton. 

The only advantages of heap-roasting are cheapness and absence 
of expenditure on plant. Its principal disadvantages are : — 
(1) Slowness of roasting, which means locking up capital for 
months ; (2) imperfection of roast, with the consequent necessity 
of rehandling and re-roasting a considerable part of the whole ; 
(3) great losses of valuable metals through "dusting" and leaching 
out of silver and copper as sulphates. 

Stall-roasting possesses the same disadvantages as heap-roasting, 
but in a less degree. Although some expenditure on plant is 
required, it is much less than in the case of furnace-roasting ; 
while, compared with heap-roasting, the roast is quicker and 
more perfect, the losses by dusting and leaching are smaller, and 
the fumes, even if they are not utilised, can be rendered less 
obnoxious. 

At Przihram (Bohemia) stalls t are used for roasting lead 
matte. They are built of slag-brick, and, besides the ordinary 
draught inwards through the loosely-built front walls, are pro- 
vided with horizontal passages in the side walls, as shown in 
Fig. 32 (p. 82), which expedite the roasting and also bring it 
more under control. The well-roasted matte is about half the 
total charge of the stalls and contains 8 to 10 per cent, sulphur; 
all lumps containing more are re-roasted. The consumption of 
fuel is, of course, less than in heaps. 

Kiln -roasting. — At Freiberg matte is roasted in the kilns 
already described in Chapter vi. as in use for roasting ore. At 
Lautenthal (Oberharz) kilns of the Freiberg type {v. Figs. 34, 35, 
p. 83) are employed, arranged in groups of six, and larger than 
the Freiberg kilns, being 13 feet 10 inches high, 7 feet 65 inches 
wide, and 8 feet 4 inches deep. From the centre of each side 
rise saddle-shaped ridges dividing the roasted charge into four 
portions corresponding with the four doors, which facilitates the 
drawing. In order to prevent sintering, four parts of fresh 
matte are mixed with three parts of once roasted matte to form 
the charge, and the total output of each kiln is 2-2 tons per 
twenty-four hours, the roasted matte still, however, containing 
about 8 per cent, sulphur. The roast-gases contain by volume 
5 to 6 per cent. 80^, and the results obtained are better on this 
material than with the pyrites burners formerly in use, the 
product of which still contained 13 per cent, sulphur. These 
kilns are, of course, somewhat expensive to build and their out- 
* Trans. A.I.M.E., vol. xvi., p. 23. t Figured by Hofman, op. cit., p. 257. 



BLAST FURNACE LEAD SMELTING — PRODUCTS. 203 

put is not very great, but the recovery of the sulphurous gases 
is profitable, as there is a good market for sulphuric acid in the 
neighbourhood. 

At Mansfeld argentiferous copper mattes containing 26 per 
cent, sulphur are roasted in 10 ton kilns, with cup and cone 
charging arrangement, and the gases are conducted to sulphuric 
acid chambers. The output of each kiln averages \\ tons of 
roasted matte per day, and each ton of matte produces 9 cwts. of 
chamber acid of 50° Baume. The roasted matte averages 10 
per cent, sulphur, and is concentrated by smelting as usual. 
The sulphuric acid is mostly concentrated and sold for the 
manufacture of nitro-glycerine. 

Matte Boasting in Beverberatory rurnaces.- — Reverbera- 
tory furnaces used for matte roasting dififer in no respect from 
those used in roasting ore, except that on account of the lower 
percentage of sulphur in the matte, it is not usually found 
advantageous to make them quite so long in proportion to their 
breadth. In Colorado, however, furnaces used for both ore and 
matte are of identical pattern, except that the sintering hearth 
often used for the former is never used for matte. The arrange- 
ment for discharging the roasted matte resembles that of the 
Przibram ore-roasting furnace shown in Figs. 36-38, p. 89 
(Chapter vi. ), there being one or two openings near the bridge 
(ordinarily closed with iron plates) through which the roasted 
matte is discharged into an iron truck in the vault below. 

When siliceous lead ores poor in pyrites have to be sintered 
(which is not usually necessary) matte is sometimes mixed with 
them so as to afford the necessary iron flux, otherwise it is 
almost invariably roasted alone. Before roasting, it must be 
crushed so as to pass at least a four-mesh screen, and a six or 
eight mesh is decidedly preferable. 

Matte charges are sometimes heavier than ore charges, but 
then the number worked off is so much less that the net daily 
output of each furnace is slightly lower than when it is working 
on ore. Usually, the furnace capacity on matte is slightly lower 
than on ore, the average time spent by each charge in the furnace 
is thirty to thirty-two hours; each furnace is worked by two 
men on each twelve-hour shift, and the consumption of coal is 
somewhat higher than when roasting ore, say 30 per cent, on the 
average. 

Matte Boasting in Mechanical Furnaces. — Several of the 
mechanical furnaces have been tried on mattes and have given 
good results. 

The Brown Horse-Shoe Furnace* is practically a Brown-AUen- 

O'Hara furnace bent into a circle, the inner diameter of which 

is 42 feet. One-fifth of the circle is cut out for a cooling and 

discharging space, and the ore is made to travel completely 

* V. Peters, Modem Copper Smelting, 1895, p. 218. 
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round the remaining four-fifths by means of the travelling table 
blades mounted on stirrer carriages. The average distance 
through which the particles of ore travel is 173 feet, which is 
much more than in most of the other mechanical furnaces, and 
the particles are more gradually raised to the required final 
temperature, so that the furnace would seem to be better adapted 
to the roasting of material high in lead, the tendency of which to 
sinter is very great. 

One of these furnaces is at work at Argervtine (Kas.), roasting 
lead-matte for the Hunt-Douglas wet process. The matte con- 
tains 10 to 20 per cent. Pb, 25 to .3.5 per cent. Cu, and is roasted 
at the rate of 18 tons per day, with a consumption of 3 J to 3f 
tons of slack, say 20 per cent, by weight. The calcined matte 
yields 87 to 92 per cent, of its copper in the soluble condition. 

The Bruckner Cylinder has been successfully applied to the 
roasting of lead mattes at the Germania Works (Utah), the results 
being almost precisely similar to those with lead ores, except 
that, owing to the low melting point, somewhat greater care is 
requisite to prevent sintering, and that the daily capacity is 
somewhat lower, while the fuel consumption is a little higher. 

The Pearce Turret Furnace, which has proved very successful 
in the roasting of coppery ores such as are commonly smelted 
at the Argo Works (for which ores indeed it was first designed), 
has been used for the roasting of lead matte both at the Phila- 
delphia and Colorado Works (Pueblo) ; but it is not liked at 
either place, and at the latter it has been thrown out altogether. 

The Ropp Furnace seems to be, as for ores, the most successful 
of the mechanical furnaces, but for both classes of material 
the vast majority of experienced lead smelters appear to prefer 
the old-fashioned hand furnaces, on account of the greater trust- 
worthiness of the results, smaller fuel consumption, and less 
trouble from sintering. 

Smelting of Boasted Matte. — The roasted first matte from 
lead blast furnaces is invariably used over again in the ore blast 
furnace as iron flux, being often kept to some one or more of the 
furnaces, the charge for which is made up to contain all the 
coppery ores available. Usually, however, with the larger matte 
production of modern American practice the roasted matte is 
used as iron flux on all the furnaces. 

At the Aurora Works (Ills.) a first matte containing 7 to 15 
per cent. Cu, 10 to 18 per cent. Pb, and 15 to 60 ozs. Ag per ton, 
is roasted and returned to the ore furnace uutil its copper 
contents are over 15 per cent., when it is roasted and concen- 
trated by smelting with siliceous copper ores; the resulting 
second matte contains 10 to 15 per cent. Pb, 35 to 45 percent. 
Cu, and 60 to 100 oz. Ag per ton, which is sold or worked up 
on a cupel hearth for gold-bearing bottoms and silver-bearing 
rich copper matte {v. Chapter xvii.). 
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At the Germania Works (Utah) the first matte runs about 10 
per cent, by weight of the charge, ranging from 8 to 10 per cent. 
Cu, and on an average 15 per cent. Pb; it is roasted and 
returned to the ore charge till it reaches 15 to 20 per cent. Cu. 
It is then roasted and concentrated in separate furnaces with 
siliceous copper ores, producing a second matte with about 40 
per cent, of copper, which is sold to copper smelters. 

It is noticeable that the charge for the concentration of 
matte requires more fuel than the ordinary ore charge ; for 
example, 16 or 17 per cent, as against 13J or 14 per cent. It 
is further worthy of note that the slag obtained by smelting 
roasted matte with siliceous ores, although low enough in silver, 
is usually higher in lead than an ordinary ore slag. Analysis 
invariably reveals the presence of FegOg in these matte slags, 
and it has been suggested that the oxides of lead and iron pro- 
bably exist in the slag mutually combined as a result of the 
reaction of litharge on magnetic iron oxide present in the 
roasted matte, the reaction being as follows : — 

2Fe304 + 2PbO = Pb + 2Fe203 + PbO . FezOj. 

In re-smelting roasted matte charges low in lead, " speiss " is 
very frequently produced. Sometimes it is a true speiss of the 
general formula, FejAsj; sometimes, however, it is not an iron 
speiss at all, but is very rich in lead and copper, containing up 
to 30 per cent, of the former and 45 per cent, of the latter, 
besides being very rich in silver. 

The further treatment of the enriched copper mattes obtained 
from lead works does not much differ from that of ordinary 
argentiferous mattes obtained from copper ores direct. Their 
treatment will, therefore, be most appropriately dealt with in 
a subsequent chapter, especially as it frequently, takes place in 
distinct works under separate ownership and hundreds, or even 
thousands, of miles away. 

Nickel and Cobalt in Matte. — The occurrence of nickel and 
cobalt in lead matte is unusual and worthy of special mention. 
At Mine La Motte (Mo.)* ores containing Ni and Co (about 2 of 
the former to 1 of the latter), the roasting and smelting of which 
has been already referred to, yield a first matte containing 3 to 
3J, per cent. Ni and Co, 0-5 to 1 per cent. Cu, and 20 to 25 per 
cent. Pb. This is roasted in reverberatories and used as iron 
flux in the ore furnaces. According to Neill, it is necessary to 
leave 5 to 6 per cent of sulphur in order to prevent slagging 
away Ni and Co. The second matte containing 5 to 6 per cent. 
Ni and Co, 1 to 2 per cent. Cu, and 20 to 30 per cent. Pb is 
roasted and smelted in a similar way except that in this case 7 
to 9 per cent, sulphur is required to protect the nickel and cobalt. 

Further concentration of the matte cannot be effected even in 
* Neill, Trans. A.I.M.E., vol. xiii., p. 634. 



206 THE METALLURGY OF LEAD. 

a reverberatory, as the lead present appears to drive the Ni and 
Co into the slag. By taking advantage, however, of the well- 
known affinity of nickel for arsenic and smelting with mispickel 
or poor iron speiss. Neill found that a rich speiss of nickel and 
cobalt could be made, while the reduced lead carried most of the 
precious metals. The furnace used was 30 inches wide at the 
tuyeres, and 6 feet 6 inches high from tuyeres to charging door ; 
it had a crucible 18 inches deep with syphon tap for the lead. 
The slag in this case contained only 0'16 to 0'32 per cent. Ni and 
Co, and 0-6 to 0-8 per cent. Pb ; the impoverished matte, 3-25 
per cent. Ni and Co, 8 per cent. Pb, and 7 per cent. Cu ; while 
the rich nickel cobalt speiss contained 22-5 per cent. Ni and 
Co, 6-4 per cent. Pb, and 4-25 per cent. Cu : the silver and 
gold contents of the reduced lead paid for the whole cost of the 
operation. 

3. SPEISS. 

Composition. — The composition of lead speisses is given in 
Table XXV. from w^hich it will be seen that they are chiefly 
arsenides of iron containing more or less sulphur, copper, nickel 
and cobalt, and lead, the last of which exists, however, chiefly as 
shots included mechanically. Guyard found also as much as 
10 per cent, of metallic iron in the form of shots in speisses from 
Leadville furnaces, and the author can confirm the existence of 
metallic iron in some speisses from his own experience.* 

Arsenides of iron corresponding to the formulae FejAsj, PcgAsg 
and Fe^Asj can be prepared artificially ; they are fusible at a 
high temperature, yielding white, fine-grained, brittle masses. 
The arsenides of formulae FcjASj and FegAsj are those generally 
formed in furnaces smelting not only lead but (under certain 
circumstances) copper ores also. They ai'e much more fusible 
than the arsenides lower in iron, and coarsely crystallise 
in large plates resembling " spiegel-eisen." Speisses still richer 
in iron corresponding with the formulae FcgAsj, FogAsj, and 
FcjqAsj are also occasionally formed, but, like those under 
FejAsj, the)' are again fine grained, tough, and comparatively 
infusible, more resembling " sows " than true speisses, and 
probably in every case they contain more or less free iron. 

Analyses of some speisses produced in lead furnaces are given 
in the following table, analyses of modern " hard head " from tin 
smelting works and of an old Roman speiss from Rio Tinto by 

* According to Hofman [Met. of Lead, pp. 149 and 150) these speisses 
vary in composition from FejAs to PegAs. Tiie same generally accurate 
author gives descriptions of the physical characters of speisses of different 
compositions, which unless he has, contrary to his usual practice, dropped 
back into the old notation (and, if so, the same slip is repeated in pp. 211 
and 212) are incorrect. The mistake, curiously enough, is repeated by 
Furman in his article in the School oj Mines Quarterly, vol. xiv. , p. 137. 
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the author being added for comparison. It is noteworthy that 
all speisses contain more gold than mattes produced at the same 
time, and that as regards silver and lead contents, the fine- 
grained varieties always carry more than those which are 
coarsely crystallised ; — 

TABLE XXV. — Analyses of Speisses. 





Leadville, 


Leadville, 


Pueblo, 


Eureka, 


Przibram, 


Przibram, 


"Hard- 
head," 


" Blan- 
quillo," 




Colorado. 


Colorado. 


Colorado 


Nevada. 


Bohemia. 


Bohemia. 


Corn- 


Rio Tinto, 




1. 












wall. 


Spain. 


Reference, 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


Formula, 


FOjAsj. 


FcbAsz. 


FejAsj. 



0-014 


FejAsj. 


FegA82. 


FejAsj. 


FesA82. 


Fe,Aaa. 


Ag, . . 


0-0085 


0-0301 


0270 


0-037 


020 




0-014 


Au, . 


tr. 


0009 




00013 








0-001 


Pb, . 


1-49.35 


2-5030 


0-690 


2-1800 


1-752 


3-245 




tr. 


Cu, . . 


0-3628 


0-2.536 


5-060 


1-0600 


1-956 


0-409 




2-150 


Fe, . . 


60-5780 


70-4780 


59-420 


57-0200 


61-330 


56-700 


62-50 


52-650 


Mn, . 


... 














0-010 


Ni and Co., 


0-0876 


0-0981 


tr. 


... -^ 


2-056 
0-194 


1 0-783 




0-029 


Zn, . 


tr. 


tr. 


tr. 


0700 




... 






Mo, . 


0-2110 


0-2125 


■ •• 


2-3100 










Sn, . 






... 








17-25 




Ti, . . 
















4-530 


Ca, . 










0-500 


0-535 


... 




Sb, . 


ti-'. 


0-1450 


tr. 


o-'isoo 


2-450 


1-608 




()-770 


As, . 


31-4725 


21-8003 


31-170 


32-9500 


18-750 


26-747 


19-02 


23-100 


S, . 


5-8191 


4-4625 


2-800 


3-3400 


9-600 


10-000 


1-26 


2-550 


AljOs, 
















0-120 


CaO, . 












0-3500 








0-162 


MgO, . . 
SiO,, . 
FeA, 










... 










0127 












0-2300 








0-081 




















7-590 


C, 




















3-130 


N, . . 




















0-090 


Loss, . 




















2-896 


















100-000 



References. — 1. Emmons, " Geol. and Min. Ind. of Leadville," Mon. xii., 
U.S. Oeol. Surv., p. 720. 2. Id. 3. Dewey, Bitll. No. 4S U.S. Nat. Mwieum, 
p. 52. 4. Curtis, " Silver-Lead Deposits of Eureka," Mon. VII. U.S. Geol. 
Surv., p. 160. 5. Balling, Berg- u. HiUtenm. Zeitung, 1867, p. 419. 6. Id. 
7. PhilUps, Elements oj Metallurgy, 1891, p. 521. 8. Author, Private notes. 

Treatment. — The speisses produced in lead works ordinarily 
contain 3 to 4 per cent. Pb, with from 10 to 16 ozs. silver, and 1 
to 3 dwts. gold per ton. Their treatment, so as to extract all their 
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silver, gold, and copper contents, offers some difficulties. In most 
■works, when only a small quantity is occasionally produced, it is 
simply returned to the ore furnace. In some works, however, 
it is roasted in a reverberatory or in heaps of about 50 tons 
(badly roasted portions being returned to a new heap) and 
smelted as iron flux or together with roasted matte, when the 
greater part of its lead, gold, and silver contents are taken up by 
the work-lead, the copper going into the second matte, while the 
second speiss produced is poorer than the original, besides being 
much less in quantity, and simply goes to a fresh heap. 

At Freiberg in 1860 a mixed matte and speiss containing 
163 ozs. silver was smelted without roasting in small reverber- 
atory furnaces together with quartz and heavy spar, the effect 
being equivalent to roasting off the sulphur according to 
Schweder's reaction. After skimming off the slag, metallic lead 
was added in equal quantity to the original speiss, the whole well 
rabbled, and the lead tapped off again with nearly all the 
silver contents of the original speiss, the cleaned speiss con- 
taining barely 7 ozs. per ton. 

This process was improved at the Eureka Consolidated Works, 
Nevada, by Davies,* who employed an air blast for mixing the 
lead and speiss, and dispensed with the preliminarj' oxidising 
fusion. A small cylindrical converter, lined with firebrick, was 
employed, and holding at a charge 800 lbs. of cupola-melted speiss; 
to this was added from 20 to 25 per cent, of melted lead, and 
then a blast of air at about 17 ozs. pressure was passed through 
the mixture for several minutes by means of a ;|-inch pipe at the 
bottom of the converter. Some arsenic was burnt off, and some 
iron slagged, combining with the siliceous lining material; while 
most of the silver and gold contents were taken up by the lead. 
The converter was revolved by hand and emptied into a slag 
pot having a small tHphole in the bottom, through which the 
still liquid lead was tapped after the speiss had set. The lead 
now contained 30 to 40 ozs. silver, and the speiss was poor 
enough to throw away. According to the results given by 
Davies, in the case of a speiss containing 9 to 10 ozs. silver, 
85 per cent, of this metal and 89 per cent, of the gold were 
extracted with a loss of 5 to 8 per cent, of the lead employed. 

The modern practice at Freiberg is to concentrate roasted 
speiss separately in a small Pilz furnace together with foul ore 
slag, lead residues poor in silver, old cupel hearths, and some 
flubrspar as flux for the latter. The product is a second speiss 
poor in silver, but rich in nickel and cobalt, which is subjected 
to a second similar concentration, and then goes to the smelting^ 
works to be worked up into metallic nickel, cobalt glass, and 
a lead which goes to the liquation furnace. 

* E. and M. J., June 20, 1888. 
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At the Germania "Works (Utah)* speiss is roasted (after 
crushing) in Bruckner cylinders, together with the ordinary 
sulphide ores, in any proportion up to 20 per cent , by which 
means nearly all of the arsenic is expelled as AsjSg, which 
oxidises at once to AsjOg and SOj. The mixture of roasted ore 
and speiss then goes to the ore furnaces, and requires much less 
flux than ore alone, owing to the ferric oxide into which the 
roasted speiss has been chiefly converted. This may be con- 
sidered the best mode of dealing with speiss when it does not 
contain sufficient nickel and cobalt to justify the adoption of 
the Freiberg separate treatment. 

4. SLAG. 

Composition. — The constitution of lead slags has been fully 
discussed in Chapter vii., and their handling outside the furnace 
and separation from matte in the last chapter. Some analyses 
of lead slags have been collected in Table XXVI. 

It is difficult to tabulate the analyses of some lead slags, on 
account of the doubt as to the mode of combination of Ba and 
of S. In slags comparatively low in zinc there can be no doubt 
that the S present is practically all combined with Fe, Pb, Cu, 
(fee, in the condition of matte so finely disseminated as to be 
virtually in a state of solution, as shown by Mrfizek.t This 
matte can be separated by fusion with borax, and contains prac- 
tically all the valuable materials present in the slag. In non- 
barytic zinciferous slags most of the S may be considered as com- 
bined with Zn and Fe, though occasionally CaS may be present 
in slags from low furnaces. When much barium is present, part 
of it is always found as sulphide, BaS, which burns with the 
characteristic green flame when the slag is tapped ; the re- 
mainder, in modern high pressure furnaces, usually exists as 
silicate, BaSiOj, though in low furnaces, where reduction is not 
so powerful, most of it enters the slag unaltered as BaSO^. 
Thus the exceptional slag produced in 1887 at the Goslar 
Smelting Works (No. 4, Table XXVI.) probably contained ZnS, 
BaS, and BaSO^, as there calculated, though the analytical data 
quoted by Sohnabel only show 23"4: per cent. BaO, 20-25 per 
cent. Zn, and 6'4 per cent. S. Many of the other slags in the 
table probably contain ZnS, though the figures have been 
quoted without recalculation. As regards the proportions of 
lead shown in the analyses, it should be borne in mind that 
slag samples for analysis are usually selected so as to be some- 
what cleaner than the average, though of the same general 
composition. 

* Private notes. 

\B. u. H. Jahrbuch, 1866, vol. xvi., p. 392; quoted by Percy, Met. of 
Lead, pp. 407-409. 
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It was pointed out by Pearce* that certain reverberatory 
-slags made at Argo contained considerable proportions of 
magnetic material, which he assumed to be magnetite, and to 
be formed by the oxidising influence of the furnace gases upon 
the slag after the reducing eSect of S and SOj had terminated. 
E. Keller has since shownf that much FegO^ (up to 18 per cent.) 
is frequently found in the slags produced by smelting roasted 
mattes in reverberatory furnaces, and smaller amounts are 
invariably present in matte slags produced in blast furnaces, 
the atmosphere of which is not sufficiently reducing to destroy 
this substance before it is taken up by the molten products. 
When the matte is of low grade and has a specific gravity not 
■over 5-2 (the specific gravity of magnetite), the latter substance 
sinks into it in preference to going into the slag. When, 
however, a high grade copper or lead matte is being made, 
the specific gravity of which is over 5-3 or about that, the 
magnetite cannot enter the matte, and is carried away by the 
slag. 

The losses of valuable metals in the slag take place in the 
following ways: — (1) Through fine visible shots of matte and 
occasionally even of metal; (2) through incomplete reduction 
of metallic oxides ; and (3) through an almost infinitely fine 
dissemination of matte which is held by the slag, either in 
solution or in such intimate suspension of minute particles as 
practically to amount to a true solution. The loss in the first 
way is usually the most important, and can be almost com- 
pletely eliminated by careful settling either inside or preferably 
outside the furnace, as has been already shown. The other two 
sources of loss can only be diminished by the use of an inde- 
pendent reverberatory settler in which a reducing flame is kept 
up, or by the precipitation by scrap iron in a suitable form of 
settler. Practically all the silver contained in a slag may be 
considered as existing in the condition of suspended matte, as 
is also most of the lead contained in modern clean slags from 
high pressure and high column furnaces. The slags from lower 
furnaces are, however, always richer in lead, especially when 
somewhat siliceous (as at Broken Hill), and in those cases part, 
if not most, of the lead probably exists as oxide. 

Pinal Disposal of Slag. — This is frequently confined to 
wheeling the slag to the edge of a large and constantly growing 
heap from which it is sometimes loaded up again by railways 
and used as ballast. Other methods of finally disposing of 
liquid slag as obtained in large quantities, after its separation 
from matte by either of the devices already referred to, may be 
■described under the following heads, viz. : — (1) Economical 
methods of simple removal ; (2) methods by which the heat of 

* Trans. A.I.M.E., vol. xviii., p. 10. ■[ E. and M. J., Nov. 16, 1895. 
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the molten slag is partly utilised ; (3) methods by which the 
slag itself is utilised as a building material. 

Methods of the First Class. — .For economically disposing of a 
large output of molten slag where suitable conditioDS prevail, 
nothing is superior to the method of slag granulation in use 
for so many years at iron and copper blast furnaces, both in 
Europe and in the United States, and which has been recently 
employed at one or two American lead works. By the use of 
a powerful jet of water under considerable pressure, and a 
trough lined with sheet iron or, better, cast iron, a slope of 
^ inch, or even as little as J inch, to the foot is found sufficient 
to carry the slag to any required distance; though a slope of 

1 inch to the foot is far better as avoiding all risk of stoppage. 
At the Hanauer Works (Utah)* the trough is 150 feet long. 

2 feet wide, and 6 inches deep inside the cast-iron bottom 
lining which is 1 inch thick. The "pitch'' is only \ inch to the 
foot, and with a 13 feet head, the slag from four blast furnaces 
is carried to an elevator pit at the end of the trough, from which 
it is raised 40 feet by a belt elevator with sbeet-iron buckets 
into a storage bin holding 100 tons, placed above the railroad 
track. The granulated slag passes a 4 -mesh sieve, and affords 
great convenience for sampling and weighing so as to check the 
actual furnace losses; it is extensively used for ballast, but 
does not pack well under the sleepers. 

A very ingenious method of automatically handling slag in 
a more advantageous condition for use as ballast is that devised 
by Page of the Omaha and Grant Works, Omaha.f About 
75 feet from the furnace building is a circular pit, 35 feet 
diameter, at the edge of which revolves an annular disc com- 
posed of slightly dished cast-iron plates, 2 teet wide and If 
inches thick, which runs by means of rollers on a circular 
cast-iron submerged track resting on pillars all round the pit. 
A toothed wheel on the circumference of the disc engages with 
a pinion, by means of which it is revolved at the rate of one 
turn in five minutes. A constant stream of cold water enters 
the pit, and the hot water is run away just so fast as to keep 
the lower side of the cast-iron plates under water. As each 
slag pot is (apped on to the revolving plates the slag spreads- 
out into a layer \ inch to 1 inch thick, and cools quickly, 
cracking up in so doing, so that at the end of the revolution 
a fixed plate of ^ inch steel against which the layer of slag 
impinges readily breaks it up into flat irregular pieces from 
^ inch to 4 inches long and wide by \ inch to 1 inch thick, and 
forces it to pile itself on to a conveyor which takes it into bins 
from which the railroad trucks are loaded. 

At the Argentine Works the slag from small slag pots is. 

* Terhune, 8. M. Q., vol. xv., p. 108. 

t Braden, Trans. A.I.M.K, vol. xxvi., p. 51. 
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tipped into large trucks, into which strong pronged eyebolts 
are set before they are filled. When cold, a crane lifts the 
mass of slag by means of this eyebolt, and after it has been 
broken up by sledges it is run through a crusher and loaded 
direct into flat trucks belonging to the railway companies who 
gladly take it as ballast. 

Methods of the Second Class.— A.ttempts have been made to 
utilise the waste heat of the molten slag for the purpose of 
heating the blast, and, as will be seen hereafter in the chapter 
on pyritic smelting, such attempts not only contain a germ of 
usefulness, but have already attained a fair measure of success 
as far as the matting furnace is concerned. The use of hot 
blast in lead smelting, however, is of doubtful advantage, and 
would probably result in enormously increasing the volatilisation 
losses, so that the field scarcely seems a promising one for 
experiment. Patents have been taken out for furnaces in which 
a mixture of air and petroleum vapour is to be heated in a sort 
of closed forehearth by the liquid matte and slag, but such 
a furnace would be wrong in principle, as well as unworkable in 
detail. 

Attempts were made at Broken Hill by Howell and Ashcroft 
to utilise the heat of molten slag for raising steam. The 
apparatus consisted of a flat egg-ended steel-plate boiler con- 
taining vertical tubes of copper or wrought iron completely 
surrounded by water ; the tubes were tapering, with the larger 
end downwards, and closed by cast-iron doors so arranged as to 
be easily opened and closed from one side by a system of lever 
handles. The boiler shell was fitted with a steam-dome safety 
valve, and other usual fittings, and sheet-iron bins lined with 
firebrick were provided at each end of the boiler to receive the 
"shells" from the pots, so as to help in keeping up the heat in 
the boiler. Both the " shells " and the cooled slag in the tubes 
were emptied into an iron truck running on a track beneath the 
boiler. The taper tubes were filled successively with slag by 
means of the ordinary slag pots, the first being emptied as soon 
as the last was filled. Unfortunately, it was found that the 
shells of slag formed in the tubes were such bad conductors of 
heat that the actual pressure of steam attained was only 20 to 
30 lbs., an amount quite insuflicient to be of any practical 
service under the local conditions prevailing at Broken Hill. 

Methods of the Third Class. — Iron blast furnace slags have 
been utilised as building material both by casting them into 
slag bricks, and (as, for example, at Siegen) by granulating, 
grinding fine, calcining with limestone, and re-grinding for the 
manufacture of hydraulic cement. The slags in question, 
however, consist chiefly of an acid silicate of alumina and lime, 
and it is doubtful whether lead slags, which are much more 
basic and contain scarcely any alumina, could, under any circum- 
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stances, be successfully utilised for the manufacture of cement, 
the results of experiments made up to the present being decidedly- 
unfavourable. 

Manufacture of Slag Brick. — To some extent the same 
objection is to be noted here, the best slags for slag-brick 
purposes being those containing upwards of 40 per cent, silica, 
■which are not produced in lead smelting. Lead slags are- 
generally too brittle and too much inclined to fissure on cooling, 
to make the best kind of building and paving brick, such as that 
produced at Manofeld. Still, at most lead-works a few bricks 
are made for use in building ore-bins, ioundations, dust chambers, 
&c., and there is no doubt that this could be extended iwith 
advantage. The manufacture of slag brick from reverberatory 
copper slag has been described by Dr. Peters,* and that from 
blast furnace slag at Mansfeld,t and in Montana,! is well de- 
scribed in two papers in the School of Mines Quarterly, to which 
reference should be made for details. According to the author's 
experience in making slag brick it is of the utmost importance 
that the slag should be as cool as possible before casting, and 
that the bricks should be cooled as slowly as possible by removing^ 
the moulds as soon as set and covering them several inches deep 
in sand. Dusting a little sand into the moulds as they are being 
filled also assists in the production of a slightly rough surface 
which is better for holding mortar than a smooth glassy one. 

By proper annealing and toughening even paving tiles may be 
made from ferruginous blast furnace slags. Thus, at Santiago 
de Chili § the slag is ladled from the slag pots into cast-iron 
moulds 6 inches square by 1 inch deep, each provided with a 
cover. After filling a lot of moulds they are covered and placed 
on a hearth, which has also a cover to anneal, a gentle heat 
being kept up so that the cooling operation may be slow. When 
the slag has cooled to a black heat, the moulds are lifted from 
the hearth and the tiles thrown into cold water to toughen them. 
The tiles are very hard and durable, and are worth, from £2 
to £4 per 1000. 

Another entirely distinct method of making slag bricks for 
building is that in use at the Liihrmann furnaces, Osnabruck, 
Germany, where over 5,000,000 bricks have been made as 
follows II : — The slag is granulated by a stream of water and then 
mixed with slaked lime in the proportion of 1 part of quicklime 
to 6 of granulated slag. The mixture is passed through a set 
of rolls and then through a mixing machine ; the bricks are 
moulded in a machine which has a hopper filled by a labourer 
and which turns out the bricks automatically, subjecting each to 

* Modern Copper Smelting, 7th Ed., 1895, p. 142. 

+ Egleston, S. M.Q., vol. xii., pp. 112-117. tlbid., p. 189. 

§Braden, Trans. A.I.M.E., vol. xxvi., p. 52. 

WE. andM. J., Deo. 3, 1893. 
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a great pressure by means of eccentrics. One pair of machines 
turns out 10,000 bricks per day, requiring 3 H.P. for the mixer 
and 8 H.P. for the moulder. The bricks are at first tender, and 
must be stacked carefully and protected from rain ; but after six 
or twelve months exposure to air they become solid enough for 
building. The slag used at Osnabriick is, of course, the ordinary 
iron blast furnace slag, and it is very doubtful whether lead 
blast slags could be efficiently utilised in this way unless ground 
very fine. 

Working up of Old Slags.— In many localities are found 
heaps of old slags resulting from the smelting of lead slags in 
very primitive hearths and other furnaces, and these are at the 
present time being profitably worked up. 

At Laurium, Greece, two French companies have been for 
many years past smelting slags produced in the days of Xenophon; 
together with old slimes rich in silver from the ancient dressing 
operations, and lead concentrates from modern dressing works 
(the largest in Europe), treating the low grade ore bodies left 
behind in the mines. Between the two Companies no less than 
twenty-three water-jacketed furnaces, more or less of the Pilz 
type, but square, are at work, turning out, from charge mixtures 
averaging about 9 per cent, of lead, between 15,000 and 16,000 
tons of base-bullion per annum. The following table gives the 
composition of some of the substances treated* : — 





Ag. 


Pb. 


SiO^- 


FeO. 


Al.Oj. 


CaO. 


Zn. 




Oz. p.t. 


P.O. 


p. c. 


p. c. 


p. c. 


p. c 


p. c. 


Old slags (average), . 


13-7 


10-7 


30-0 


14 3 


3-6 


14-3 


5-2 


Old waste heaps, 


431 


7 3 


36 5 


20-2 


1-7 


5-3 


3-2 


Old slimes, . 


53-9 


10-3 


42-5 


13-4 


4-5 


6-3 


5-9 


Old tailings, 


98-2 


36 


150 


17-4 




25-0 


6-5 


Modern concentrates, . 


104-5 


32-2 


15-7 


8-1 




17-7 


7-2 



The coke consumption is about 15 per cent, of the charge, and 
the slags thrown away contain only "O to 1 per cent. lead. Iron 
ore and limestone are used as flux, the former containing lead 
and silver, reaching occasionally as much as 6 per cent, of the 
former, and 65 ozs. of the latter. 

At many other places in Europe and in South and Central 
America similar work is being done upon old slags. 

Another method of cleaning zinciferous or other foul lead slags 
is by tlie use of pyritic copper ores. In a furnace at Leadville, 
36 inches by 80 inches, one month's campaign described by 
Kellert consisted in smelting 3107 tons of slag with 5-3 ozs 

* Mineral Industry, vol. ii., 1893, p. 410. 
t Keller, Trans. A.I.M.E., vol. xxi., p. 71. 
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Ag per ton and 402 tons of pyritic copper ores, averaging 
10 per cent. Ou and 11 ozs. Ag per ton. The matte produced 
was separated from the slag in an open settler forehearth, and 
averaged 20 per cent. Cu and 93-3 ozs. Ag, while the cleaned 
slag averaged under f oz. Ag and J per cent. Cu. The fuel 
consumption was 10 per cent., and the total cost per ton of 
material smelted only 6s. 3d. 



OTHER FURNACE PRODUCTS. 

Furnace Accretions. — These may be of two kinds — viz., 
hearth accretions or " sows " and the far commoner " wall 
accretions." 

" Sows " may form on the hearth of a sump furnace, or above 
the lead bath in a furnace with crucible which is kept full. They 
are caused (1) by badly calculated charges ; (2) by lack of fuel ; 
and (3) by too slow a rate of smelting. The chief item in their 
composition is metallic iron, but they also contain lead, sulphur, 
arsenic, copper, nickel, and other substances, besides, occasion- 
ally, particles of coke, matte, speiss, (fee, mechanically enclosed. 
When rich in lead and sulphur they are often comparatively 
rich in precious metals, and are then worth smelting down 
with siliceous ores on the hearth of a reverberatory furnace. 
When composed chiefly of metallic iron they are always poor 
in silver, and are rarely worth working, so that in such cases 
they are better thrown over the dump. In a large works with 
regular supplies of ores to draw upon and carefully calculated 
charges they are of very rare occurrence ; perhaps only one or 
so in the course of a year. The compo-ition of some "sows" 
from lead furnaces is given in Table XXVII. 

"Wall Accretions" or "Hangings." — These are chiefly com- 
posed of portions of half-smelted charge cemented together by 
sulphides with more or less oxides of zinc and lead. The way 
in which lead and zinc, together witli some of their compounds, 
particularly the sulphides, are volatilised in the smelting zone 
of the furnace and become condensed in a partially oxidised 
condition in the upper portions from just above the jackets, 
more than half-way up to the feed floor, has been already 
described (Chapter ix.); as has also the method of removing 
them and smelting them out. 

Some analyses of wall accretions are given in Table 
XXVII. 
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TABLE XXVII. — Analyses of Furnace Accretions. 





Sows. 


Wall Accretions. 












Slobe Works, 




Leadville. 


Przibram. 


Leadville. 


Leadville. 


Pueblo. 


Denver. 
Average. 


Beference, 


1. 


2. 


3. 


4. 


5. 


6. 


pb, . . . 


18'793 


20-140 


47-491 


21-317 


1-48 


24-06 


PbO, . . 






0-405 


5-245 






Zn, . . . 


tr. 


5-417 


6-977 




45 -'68 


18-42 


ZnO, . . 






0-300 


66-534 






Fe, . . . 


72 '828 


38'-875 


6-754 




6-71 


13-26 


FejO,, . . 






1-100 


1-381 






Mn, . . . 


obi.5 


tr. 


2 010 




0-54 


i-'eo 


Cu, . . . 


tr. 


1-107 


tr. 




none 


0-80 


Ag, . . . 


0-1149 


0-160 


0-0754 


0-0944 


0-0188 


0-0909 


Au, . . . 


tr. 


tr. 


tr. 






0060 


As, . . . 


5 083 


2-389 


0-039 




none 




AS2O8, . . 








0-071 






Sb, . . . 


tr. 


0-735 


tr. 




tr. 




Sb^Oa, 








0-056 






Sn, . . . 














Mo, . . . 


o-'iei 












Ni and Co, 


045 


tr. 










P, . . . 


0'109 




6-945 








combined, 


0-550 












C graphitic, 
SiOs, . . 


0-750 












0-900 


9-300 


10-100 


1-577 


8-i3 


17-26 


AljOs, . . 






1-672 


0-328 






CaO, . . 




0'-780 


5-361 


0-200 


6-20 


3-30 


MgO, . . 






4-297 


0-159 






SOs, . . 






0-965 


0-287 






CI and Br, 








0.35 






S, . . . 


0-650 


18-466 


8-291 


2-725 


25 98 


10-90 

















References. — 1, 3, and 4. Emmons, "Geology and Mining Industry of 
Leadville," Afon. XII. U.S. Oeol. Surv., p. 72:{ and 727. 2. Balling, 
Berg- u. H. Zfitung, 1867, p. 419. 5. De-wey, Bull. No. 42 U.S. Nat. 
Museum. 6. lies, S. M. Q., vol. xviii., pp. 20-21. 

The subject of flue dust, its composition, collection, and 
treatment is dealt with in a separate chapter. 
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CHAPTER XI. 

BLAST FURNACE LEAD SMELTING— EXAMPLES. 

It will be convenient to consider the chief centres of blast 
furnace smelting (outside the United States) in the following 
order : — Germany, Austria-Hungary, Spain, Australia. Amer- 
ican practice having been fully described in the preceding 
chapters, it is not necessary to give detailed descriptions of 
their operation's, besides which the author is not at liberty to 
publish details of the principal works which he has had the 
privilege of inspecting. A few comparative data will, neverthe- 
less, be found in a subsequent Table. 

GERMANY. 

This country was the original home of blast furnace smelting. 
Labour and fuel being usually cheap as compared with new 
countries, greater attention is paid to the recovery from the 
ores treated of as much as possible of their valuable constituents, 
regardless of the complexity of the operations thus introduced; 
and occasionally without due regard to the expense and loss 
caused by too frequent handlings. 

Smelting at Freiberg. — At Frtiherg (Saxony) almost all 
kinds of ores are treated by a variety of processes which centre 
round the lead blast furnace, and which result in saving not only 
the lead, silver, gold, and copper, but also the greater part of the 
bismuth, zinc, arsenic, cobalt, nickel, and a considerable portion 
of the sulphur contained in the ores. The nature of these pro- 
cesses and their relationship to each other are well shown in a 
diagram figured in Prof Sir W. 0. Roberts-Aiisten's Int/rodtw- 
tion, p. 363, which represents the operations as now conducted, 
except that they have been lately simplified by bringing up the 
first matte to 30 per cent, copper matte at one operation ; and so 
dispensing with the third Pilz furnace, except for the purpose of 
cleaning slag and of smelting speiss.* 

The ores treated may be divided into five principal classes : — 

1. Lead ores carrying from 15 to 80 per cent, lead and various amounts 
of silver, the average being 40 per cent, lead and 110 ozs. silver per ton. 

2. Pyrites and copper ores containing from 1 to 10 per cent, copper 
besides iron, lead, zinc, silver, &c. , all as sulphides. 

3. Dry ores, that is, silver ores more or less siliceous, but poor in lead. 

* V. also Percy, Metallurgy of Silver, pp. 544, et neq. ; Sohnabel, Hand- 
buck der M etcdlhuttenkunde, p. 389, 1 1 seq. 
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4. Zisc ores divided into (o) those containing less than 25 per cent. Zn ; 
and (6) those containing upwards of this amount. 

5. Arsenical ores containing various amountB of silver, and divided into 
" mispickel ores " and " mixed arsenical ores." 

Of the above classes 1 and 3 almost entirely go direct to the 
roasting furnace mixture beds. 

The ores of class 4 containing less than 25 per cent, zinc also 
go to the roast furnace beds, while those containing upwards of 
25 per cent, are twice roasted, first in kilns and then in reverber- 
atories, and then distilled for zinc by mixing them with charcoal, 
and heating in retorts in a regenerative gas furnace. 

With regard to class 5, it is divided; ores pcror in pyrites, 
which are chiefly arsenical, being roasted in a current of air to 
produce white arsenic ; while the heavy mispickel and pyrites 
ores, containing sulphur and arsenic in the proportion of about 
two to one, or thereabouts, are distilled in closed retorts so as to 
yield realgar. 

Such arsenical ores as may contain more than 25 per cent, 
sulphur and less than 10 per cent. As, together with the whole 
of the ores of class 2 and a few lots from classes 1 and 3 specially 
heavy in pyrites, as well ^a the residues from the realgar works, 
are roasted together to collect the sulphur for the manufacture 
of sulphuric acid. The lump ore is roasted in the kilns already 
referred to in Chapter vi., the fines in Gerstenhofer and muffle 
furnaces. It should be noted that the sulphurous acid from the 
zinc ore roasters and from the arsenic glass works is also utilised 
in the sulphuric acid works. All these sulphurous gases contain 
more or less arsenic, which, by conducting the gases through a 
series of lead-lined dust-chambers before allowing them to enter 
the lead-chambers, separates out as AsjOj ; and this AsgOj is 
returned to the arsenic works to be worked up into the finest 
white arsenic glass. 

The ores thus partially roasted in the kilns and Gerstenhofer 
furnaces are by no means freed from their sulphur, but no more 
of it can be utilised with advantage for the manufacture of sul- 
phuric acid ; and so the residues go to the mixture beds of the 
long reverberatory roaster.*!. 

These mixture beds, therefore, contain (1) raw galenas carry- 
ing 26 to 79 per cent, lead, and 3 to 150 ozs. silver per ton; (2) raw 
siliceous lead and silver ores ; (3) residues from the zinc works ; 
(4) residues from the arsenic works ; and (5) once roasted pyrites 
and coppery ores of all descriptions. Their average composition is 
— lead, 20 to 30 per cent.; zinc, under 10 per cent. ; silica, 20 to 
25 per cent. ; sulphur, 20 per cent. ; and silver, 30 to 50 ozs. per 
ton. The roasting is incomplete, 3 to 5 per cent, of sulphur 
being always left in the ore in order to collect the copper in 
a matte ; at the end of the roasting pro])er the charge is 
"sintered" down in the sump at the firebridge end of the hearth. 
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The furnace has been already figured and described in Chapter 
vi. (p. 91). The flue dust from these reverberatory roasters 
is very rich in arsenic, and is treated in the arsenic works. 

The sinter- roasted ore is smelted in the Pilz furnace already 
figured and described in Chapter viii. (p. 140). The charge is 
composed of roasted ore mixed with about an equal weight of slag 
from the same furnace, which is used in order to clean the slags 
and also to assist in carrying away zinc, by which means campaigns 
are obtained of three or four years' duration. The daily capacity 
of each furnace is 30 to 35 tons of ore besides the slag, with a 
consumption of 5^ tons of coke, equal to 16 per cent, of the ore 
or 8| per cent, on the whole charge; the number of men on 
each shift of twelve hours is usually five — namely, one feeder 
and one wheeler on the charging floor ; and one smelter, one 
slag runner, and one odd man on the dump or lower floor. The 
furnace is worked as a sump furnace, lead and matte being 
tapped together (and speiss also when produced) into a movable 
exterior crucible or receiver on wheels, in which the varioTis 
products separate into layers. 

The work-lead produced carries from 200 up to 300 ozs. silver 
per ton and goes to the liquation and desilverising works. The 
slags formerly produced were rather more acid than monosili- 
cates ; with the increase of zinc contained in the ores, however, 
it has become necessary to run more basic slags, and those now 
made {v. Table XXVI.) are slightly more basic than mono- 
silicates. They contain from 2 up to (occasionally) as much as 
6 per cent. Pb, about ^ per cent. Cu, 9 to 14 per cent. ZnO, and 
from 1 to 2 ozs. silver per ton. The spelss produced in ore 
smelting is set aside to be worked up with that produced in 
subsequent operations. The matte produced contains 15 to 25 
per cent. Pb, 8 to 14 per cent. Cu, and 45 to 65 ozs. silver per 
ton. It is roasted first in kilns (the roast gases going to the 
sulphuric acid works) and then in Wellner stalls (v. Chap, vi.), 
being afterwards smelted together with the ore-slag, unless con- 
taining upwards of 12 per cent. Cu. 

Slag Smelting. — The roasted matte still containing 5 to 8 per 
cent, of sulphur is smelted together with from one and a-half to 
twice its own weight of foul slag from the ore furnace, and a 
small quantity of lead skimmings and drosses from the tap pits, 
and residues from the liquation hearths. A charge of 300 kUos. 
ore-slag, 200 kilos, roasted matte, and 4 kilos, drosses is smelted 
in a furnace, precisely like the ore furnace, at the rate of 60 tons 
of mixture per twenty-four hours, with a coke consumption of 
only 35 kilos, per charge, or, say, 7 per cent. The products are: — 

Second work-lead with from 130 to 200 ozs. silver per ton, 
which goes to the desilverisation works. 

Second matte, " copper-lead-matte," or " slag-matte," with 25 to 
30 per cent, copper, 5 to 8 per cent. Pb, and 25 to 50 ozs. silver 
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per ton. This is brought up to "pimple metal " of 80 per cent. 
copper by one or two roastings and fusions; the further treat- 
ment of this material is described in Part II. 

The slags produced in slag-smelting contain about 29 per cent. 
SiOj, 37 per cent. FeO, 9 to 12 per cent. ZnO; they carry usually 
about 1^ per cent. Pb by wet assay, and ^ oz. silver per ton, and 
are clean enough to throw away. Occasionally, however, portions 
are richer, when they are re-smelted in a smaller Pilz furnace 
with the addition of about 1 per cent, of lead drosses. In this 
case the capacity of the furnace is 36 tons with a coke con- 
sumption of 11 per cent. 

The speiss produced in slag-smelting is generally a good deal 
more than in ore-smelting. Both are laid aside together till 
sufficient has been collected for a campaign. It is then roasted 
and smelted in the small Pilz furnace, together with a large excess 
of foul ore-slag and smaller quantities of liquation residues, and 
cupel bottoms, with iluorspar as flux for the latter. An impure 
work lead is produced which carries most of the silver in the 
charge; a small quantity of matte which is added to the first or 
second matte; according to its richness in copper; and a second 
speiss. This is worked up by another roasting and smelting in 
the same furnace, yielding a third speiss with 16 ozs. silver, 15 to 
20 per cent, nickel and cobalt, and about 20 per cent, copper, 
which is bought by the small works. 

The methods of flue-dust collection employed at Freiberg are 
described in the next chapter ; the total amount collected in 
1893 was 9-7 per cent, of the weight of ore smelted, and this was 
treated by bricking and adding to the ore charge. 

The series of operations employed at Freiberg is about as 
perfect as it can possibly be from a metallurgical point of view, 
except as regards the enormous amounts of foul slag and of lead 
fume produced in the ore-furnace. In this respect, economically 
as well as metallurgically, there is room for improvement by the 
substitution of long oblong furnaces of the American type, with 
syphon-tap lead wells, for the large round Pilz furnaces. The 
increased capacity thus obtained would involve some saving 
both of fuel and of labour, whilst the narrowed zone of fusion at 
the tuyere level would give a higher temperature there, a cleaner 
separation of matte from slag, and, therefore, a less quantity of 
foul slag to be re-smelted, as well as a very much lower volatilisa- 
tion loss of lead and silver. 

Mechernich. — The Mechernich ore consists of small spots of 
galena (and other lead ores) up to pea size, in certain beds of the 
Triassic (Bunter) sandstone, which are crushed and dressed to 
get out their metallic contents. The whole of the ore which 
reaches the smelting works, therefore, consists of "concen- 
trates" of different degrees of fineness. These are roasted in 
the double hearth reverberatories referred to in Chapter vi.. 
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and the composition of the slag roasted ore is given in Table 
XIX. (p. 125). 

The roasted ore is smelted in small rectangular blast furnaces 
together with iron fluxes (puddle cinder and haematite ore) and 
limestone. Besides a work-lead of great purity containing only 
6 ozs. silver per ton (which is afterwards recovered by the Parkes 
process) a small quantity of matte is formed which is roasted in 
stalls and added to the ore charge. The composition of the slag, 
matte, and work lead is given in Tables XXVI., XXIV., and 
XXIII. respectively. 

G-oslar (Lower Harz). — -At the Sophienhiitte and Julius- 
hiitte, ores from the celebrated Rammelsberg mine are treated. 
The heap roasting of these ores has been described in Chapter 
vii., and the leaching out of zinc sulphate is referred to in 
Chapter xiv. The composition of raw and roasted ores is given 
in Tables XII. (p. 75) and XIX. (p. 125). 

The ores are deficient in silica for fluxing the bases, and being 
so high in zinc even after leaching of the fine portion require the 
-addition of more iron in order to form the double subsilicate 
ZqO . 2FeO .SiO.2. Both these conditions are satisfied by the use 
of basic ferruginous slags from the Oker copper works near by, 
containing 17 to 21 per cent. SiO^, 66 to 70 per cent. FeO, and 1 
to 2 per cent. Ou. To every 60 tons of roasted and leached fine 
ore is added 40 tons of unleached lump ore, 25 tons of ferruginous 
copper slag, and 20 or 30 tons of foul slag from the same process. 
The water tuyere furnace employed is that figured and described 
in Chapter viii. ; it is blown by five 2-inch tuyeres, supplied 
with air under a pressure of 10 to 13 ozs., and puts through in 
twenty-four hours about 10 tons of ore (14 or 15 tons of charge), 
with a coke consumption of 15 per cent, of the weight of charge. 

The products are work-lead with 32 ozs. silver per ton, matte 
containing all the copper and a small part of the lead and zinc, 
clean slag which is thrown away, and foul slag (2 per cent, of the 
whole) containing 5 to 7 per cent, lead as shots of matte. The 
composition of tlie clean slag is given in Table XXVI. (p. 210). A 
flue dust rich in zinc is also produced, the composition of which 
is given in Table XXXI. (p. 238); this is worked up by leaching 
with sulphuric acid and crystallising out the white vitriol. The 
matte is once roasted in heaps and re-smelted together with the 
foul slags from the ore smelting, and fresh copper slag from 
Oker, yielding a small quantity of enriched matte, work-lead, 
and a clean slag with only J to f per cent, lead which is thrown 
away. 

The slags produced at these works are of a most unusual com- 
position. Schnabel quotes* the following analysis of an ex- 
ceptional slag produced in 1897, viz. : — Si02 12-87, AlgOg 3-12, 

* Handbuch der Metallhiittenhunde, vol. i. , p. 389. 



BLAST FUR.NACK LEAD SMELTING — EXAMPLES. 223 

BaO 23-40, OaO 210, MgO 072, FeO 20-64, Zn 20-25, Pb 0-77, 
€u 0-87, Mn 1-48, S 6-40 = 92-62. It is not easy to see the 
mode of combination of the above slag, but probably the Mn 
was as MnO, and the Zn partly as ZnO, partly ZnS, while the 
Ba was partlj' as BaS, but chiefly as BaSO^. 

Clausthal (Upper Harz). — At Clausthal and Lautenthal is 
to be seen at work the only surviving example of the old 
precipitation process by which raw lead ores in a fine condition 
are charged into a blast furnace together with iron ores and 
slags. By the use of a high furnace and a small quantity of low 
pressure blast, the temperature before the tuyeres is kept high, 
while the rate of smelting remains low ; sufficient metallic iron 
is reduced to partially decompose the sulphide of lead, producing 
metallic lead and an iron matte which takes up the undeoomposed 
lead sulphide. It has been already noted that this reaction 
generally comes into play more or less in the ordinary blast 
furnace reduction process when sulphide lead ores are present in 
the charge, but at Clausthal it is the sole reaction relied upoa. 
By this slow rate of smelting the consumption of fuel is, very 
high, and the labour cost per ton smelted is also much greater 
than in the roast and reduction process ; while, allowing for the 
subsequent roasting of the matte, it can hardly be said that the 
saving of roasting on the ore is a sufficient offset to these dis- 
advantages. 

Both circular and oblong furnaces are employed in the pre- 
cipitation process in the Upper Harz, the latter being a modifi- 
cation of the Rasohette furnace, and the former from the Pilz, 
with a good many modifications. The circular furnace used has 
been already figured in Chapter viii. ; the pressure of blast 
under which it works is from 7 to 8 ozs. 

The average composition of rich dressed Clausthal ore is given 
in Table XII. (p. 75), somewhat poorer ores containing only 50 
per cent, lead, and up to 30 per cent, of insoluble residue. The 
average ore mixture contains, for every 100 tons of this ore, 
about 200 tons of other material made up somewhat as follows : — 
50 tons roasted ore matte, 50 tons matte slag (from the next 
operation), 80 tons ore slag from the same furnace, 5 tons of 
leady residues and drosses, and 15 tons of burnt pyrites, tap 
cinder, and similar iron fluxing materials. Formerly, the quan- 
tity of ferriferous slags used was much larger, but now reliance 
is chiefly placed on roasted matte as a means of supplying the 
iron required for combining with the sulphur of the ore. 

The total quantity of the above mixture passed through a 
round furnace, of the dimensions shown in Fig. 56 (p. 143), with a 
blast pressure of 6 to 8 ozs., is about 10| to 11 tons, corresponding 
to only 3^ tons of ore. The consumption of coke is about 13 per 
•cent, on the whole charge or 40 per cent, on the ore, and three 
men are required on each twelve-hour shift — viz , one smelter, 
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one feeder, and one slag runner. The slag flows continuously, 
lead and matte being tapped together from time to time, the 
matte cake being lifted from the still melted lead as soon as set. 
For every 60 tons of lead set free about 65 tons of matte are 
produced. The composition of lead, matte, and slag are given 
respectively in Tables XXVIII. and XXIX. 

The working up of the matte consists of a series of alternate 
roastings and smeltings. The roasting in heaps at Olausthal and 
in kilna at Lautenthal has been already referred to in Chapter x. 
The smelting takes place in smell square masonry furnaces of 
antique pattern, with one or two tuyeres in the back. The 
roasted matte is smelted together with 140 per cent, of ore slag, 
and the coke consumption is 20 per cent, of the weight of matte 
or 8 to 9 per cent, of the weight of charge. The small quantity 
of work-lead produced is richer in silver than that produced 
direct from the ore, containing 70 ozs. silver per ton as against 
about 48 ozs. A second roasting and smelting produces a third 
lead and enriched matte ; while a third roasting and re-smelting 
gives no more lead, but only an impure black copper with 30 
per cent, of lead. The two (sometimes three) following roastings 
and smeltings give further quantities of purer black copper, but 
the matte continues about the same in percentage — viz., between 
57 and 60 per cent. Cu. 

The following table shows the weights of lead, matte and 
black copper obtained at each successive concentration smelting, 
beginning with 1000 tons of ore (to which are added in the ore 
furnace 500 tons of roasted matte and 1500 tons of fluxes and 
slags) : — 





Tons Lead. 


Tons Matte. 


Tons Black 
Copper. 


Ore smelting produces, . 

1st matte smelting produces, 

2nd „ 

3rd „ 

4th ,, 

5th „ 

6th „ 






600 

52 

9 

often 


650 
150 
40 
18-4 
7-3 
4-4 
omitted. 


4' 
4-6 
1-4 


Final products, 


661 


4-4 


10-0 



The following tables, compiled from data quoted by Schnabel,* 
give the analyses of slag and matte obtained from each concen- 
tration smelting, the original matte and ore slag being added for 
comparison : — 

• Op. cit., pp. 406 to 413. 
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TABLE XXVIII.— Matte Analyses (Clausthal). 





1st or Ore 


2nd 


3rd 


4th 


6th 


6th 




Matte. 


Matte. 


Matte. 


Matte. 


Matte. 


Matte. 


Pb, . 


12-44 


8-01 


13 00 


9-06 


6-32 


3-88 


Cu, . ' . 


3-49 


12 29 


35-7-2 


42-30 


58-10 


59-86 


Fe, . 


48-69 


45-62 


21-88 


19-98 


11-01 


12-24 


Zn, . 


4-31 


3-36 


2-23 


1-59 


0-96 


0-75 


Ag, . 


0-035 


035 


0-08 


0-075 


0-06 


0-035 


S, . . . 


25-65 , 


21-80 


19-49 


17-89 


20 15 


20-78 




94-615 


91-115 


92-40 


90-895 


96 60 


97-545 



TABLE XXIX.— Slag Analyses (Clausthal). 





lat 01- Ore 


lat Matte 


2nd Matte 


3rd Matte 


4th Matte 


5th Matte 




Slag. 


Slag. 


Slag. 


Slag. 


Slag. 


Slag. 


SiOj, . . 
AlA. • 


31-09 


24-91 


27-21 


17-43 


17 06 


18-97 


6-98 


4-50 


5-85 


5-87 


6-36 


6-47 


Feb, . . 


40-64 


51-85 


54-56 


62-14 


65-08 


61-84 


MnO, . 


0-86 


0-75 


107 


0-49 


0-56 


0-50 


NiO + CoO, . 


0-03 


0-13 


0-06 


0-27 


34 


0-54 


ZnO, 


8-01 


6-56 


6-24 


4-30 


2-55 


2-90 


BaO, 


1-04 












CaO, 


4-39 


4-25 


5-46 


2-6b 


2-32 


2-27 


MgO, . 


0-05 


0-38 


0-52 


0-39 


0-24 


0-47 


K^O, 


0-58 


0-51 


0-64 


0-57 


0-63 


0-77 


NajO, . 


0-35 


0-33 


0-31 


0-33 


0-41 


0-53 


Pb, . . . 


1-70 


1-55 


2-25 


1-47 


1-02 


0-92 


Cu, . 


0-21 


0-90 


1-39 


1-90 


1-8S 


1-68 


Ag, . 


0-002 


0022 


0-0012 


0-0015 


uridet. 


undet. 


S^, . . . 


0-22 


0-20 


0-08 


0-09 


0-34 


0-20 


BaSOi, . 


0-51 


0-30 


1-11 


tr. 


none. 


none. 


PoOj, . 


0-79 


0-69 


0-85 


0-43 


0-45 


0-47 


s,- ".' . . 


3-55 


3-86 


2 34 


1-47 


1-02 


0-92 




101-02 


101-4922 


99-9512 


99-1515 


99-26 


99-35 



Comparing the above series of operations -with the ordinary 
modern processes by which lead matte, in only two operations, 
is converted into a rich copper-silver matte and an impure silver 
lead, it is evident that there is unnecessary complication here, 
even allowing for the fact that only a small part of the original 
matte treated has to undergo the concentrations from No. 2; 
on-ward. "While at Clausthal there may possibly be something 
to be said for the retention of the precipitation process in 

15 
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preference to roasting the ore direct, there can be no valid 
reason why the treatment of matte (up to the point where silver 
extraction commences) should not be cut down to two or, at 
most, three concentrations instead of five, as above. The last 
of the three concentrations could be made to yield "pimple 
regulus," as at Freiberg, or a "black copper," if it were pre- 
ferred to adhere to the Oker process of silver extraction. 
Altogether, the series of operations seems too complicated, and 
will probably ere long give place to more modern and direct 
methods. 

AUSTRIA-HUNGARY. 

Przibram (Bohemia). — This is the largest individual metal- 
lurgical centre of the Austro-Hungarian empire. An analysis of 
the ore treated is given in Table XII. The roasting furnaces, 
twelve in number, are figured and described in Chapter vii. An 
average sample of the ore as roasted contains 34 per cent, lead 
and 0'260 per cent. (85 ozs. per ton) silver, while, after roasting, 
the sulphur contents do not exceed 1 per cent., the proportion of 
copper being so small that there is no need to leave sulphur in 
the roasted ore to protect it from being carried away in slag. 

The roasted ore is mixed with fluxes (tap-cinder, roasted 
pyrites, and limestone) in the proportion of 37 tons fluxes to 100 
tons of ore. It is smelted in seven round water-block furnaces 
(described in Chapter ix.) with eight 2^-inch tuyeres supplied 
with air at 13 ozs. pressure. In twenty-four hours 22 tons of 
ore are put through, or a total of 31 tons of charge, the fuel 
consumption being 16'4 per cent, coke and | per cent. (1^ bushels 
per ton) of charcoal. 

The work-lead produced contains about 150 ozs. silver per ton. 
The matte is very small in quantity, and is returned to the ore 
furnace after roasting in the stalls described in Chapter x. The 
clean slags containing under 1^ per cent, lead and ^ oz. silver per 
ton are thrown away, a large part being, however, utilised for 
the manufacture of slag brick. Foul slags containing more than 
the above-mentioned proportions of lead and silver are returned 
to the furnaces. Analyses of work-lead, matte, and slag are 
given in Tables XXIII., XXIV., and XXVI. respectively. 

SPAIN. 

Of late years several large establishments have been erected 
in this country to work fusible lead ores together with old slaws, 
the furnaces and the work generally following the German 
system of»large round furnaces, with re-treatment of slags in the 
same furnace. 

Mazzarron, near Cartagena. — At this establishment, which 
turns out over 20,000 tons of lead annually, three large round 
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furnaces are kept running to treat 80,000 tons of ore. They are 
of the Pilz type, two of them being 6 feet in diameter at the 
tuyeres, 9 feet at the throat, 18 feet high from tuyeres to feed 
floor, and having eight 2-inch tuyeres supplied with air under a 
pressure of 6 ozs. The remaining furnace is oval, 10 feet by 6 
feet at the tuyeres, and 29 feet high, with sixteen tuyeres. 
Sea water is used for the jackets, and the blast is supplied by four 
No. 3 Root blowers. 

The mixture treated is as follows : — Roasted lead ores, 100 
tons; irony old slags, 12 to 15 tons; iron ores, 25 to 35 tons; 
limestone, 20 to 25 tons ; slag returned, 40 to 50 tons — total, 
210 tons. Of this mixture the two small furnaces smelt about 
110 tons each, equal to 50 to 55 tons of ore per day ; the large 
furnace about 140 tons, equal to 65 to 70 tons of ore daily. The 
furnaces are charged as usual for large round furnaces, coke 
being thrown to the centre and ore spread round the sides. 
They are worked as sump furnaces and tapped four times a day, 
yielding 6 to 8 tons of lead at each tapping, besides a small 
quantity of matte. The slag runs continuously, and a large 
proportion of it, containing under 1^ per cent, lead, is clean 
enough to throw away. Its analysis is given in Table XXVI. 

The condensing flues are 3^ kilometres in length, and the 
fume produced assays on an average over 50 per cent. lead. 
Analyses of it are given in Table XXXI. It is treated by 
bricking, with lime, sand, and a little fine galena ore and adding 
to the ore charge on the last hearth of the roasting furnace, 
where it is sintered down with the ore. 

AUSTRALIA. 

At the Broken Hill Works of the Broken Hill Proprietary- 
Company, siliceous and ferruginous carbonate ores (containing 
some galena) are smelted on a very large scale in fifteen of the 
so-called 80-ton furnaces similar to that shown in Figs. 65 and 
66, but on a smaller scale, being only 112 inches by 60 inches. 
The quantity of ore treated per day is about 48 tons per furnace, 
exclusive of lime and returns. The average yield of the 120,484 
tons smelted during 1896 was 7-76 per cent. Pb and 21-5 ozs. 
Ag, the 9357 tons work-lead produced thus averaging 207 ozs. 
per ton. Besides the lead, 1406 tons of matte were produced (or 
1'16 per cent, on the ore) carrying 13 per cent. Cu and 114 ozs. 
Ag per ton, all of which were shipped to the refinery at Port 
Pirie tj be worked up. The limestone flux, used (92 per cent. 
■CaOOj) costs 14s. per ton, and the coke (9 per cent, ash) 57s. 6d. 
to 60s. per ton, delivered at the works. Owing to the high cost 
•of fuel and flux, a siliceous slag is run which is supposed to 
increase the furnace capacity, at the expense, however, of much 
liigher furnace losses. 
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The slag produced is run off from the furnace continuously- 
through the matte-separator, or internal forehearth already 
described (Chap, viii., p. 171), into the large double-pot trucks, 
also referred to, which are drawn by horses to the dump. The- 
lead produced being small in amount is only tapped from the 
lead well about once, or at most twice, in a shift. A hemi- 
spherical cast-iron ladle with spout attached is so arranged as to 
revolve upon a pillar in front of the furnace ; the end of the 
spout thus traverses in succession a row of reversible moulds 
placed upon a frame in front of the furnace, so as to cast the lead 
direct from the well without any ladling or drossing. As the 
refinery belongs to the same company, and the dross has ulti- 
mately to be worked up into copper matte, no inconvenience 
results from this economical practice. 

The fui-naces are fed through " open tops," and the column of 
charge in the furnace is kept 5 feet below the feed floor, leav- 
ing the " downtake " free ; each plant of furnaces (nine in the 
north plant, six in the south) is provided with a. separate flue 
and a stack, 180 feet high by 10 feet diameter, of sheet iron 
lined with one thickness of brick. The flue space provided is^ 
however, utterly inadequate to condense the enormous amount 
of fume produced, and the volumes of dark grey smoke issuing 
from the stacks prove the losses of lead to be unusually heavy 
for a large smelting plant. In criticising this heavy loss it 
should be borne in mind that the net value of lead in flue 
dust at Broken Hill, allowing for treatment and realisation 
charges, is very much smaller than at American or European 
smelting works, and, in fact, lead is about the cheapest thing 
that Broken Hill metallurgists have to handle. 

Each plant of furnaces is run from a single blast main in the 
usual American style, so that no details of construction call for 
special notice, except the water tuyeres already referred to. 
Further data as to the work done are given in Table XXX. 

At the Broken Hill Block 14 Smelting Works (Port 
Adelaide, S. A.) four furnaces are in blast, treating an ore charge 
of unique composition. About three-fourths of the ore treated, 
or two-fifths of the total charge, including fluxes, is composed of 
roasted concentrates and slimes from the concentrating plant of 
the Company's mines at Broken Hill. The former contain 55 
to 60 per cent. Pb, 25 to 30 ozs. Ag, and 8 to 10 per cent. Zn ; 
the latter, 30 to 35 per cent. Pb, 20 to 25 ozs. Ag, and 15 to 20 
per cent. Zn. 

These concentrates and slimes are mixed in any convenient 
proportions according to the stocks on hand, and roasted in the 
three-hearth reverberatories described in Chapter vi. No 
attempt is made to roast below 7 to 10 per cent. S, as it is found 
that, by using a large volume of blast so as to keep the furnace 
gases oxidising, or at least not distinctly reducing, the teaction* 
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80 well-known in connection with reverberatory smelting come 
into play, and reduce the lead just as well as if the roast had 
teen complete and reduction were effected as usual by means of 
CO and glowing carbon. The ore is, therefore, rushed through 
the roasters at the rate of nine charges in twenty-four hours 
(an unusual procedure for such material), and the temperature 
on the last hearth is just high enough to bring about incipient 
softening and to form lumps. There are thirteen of these 
roasters in operation, all of uniform type ; there is no appreci- 
able volatilisation loss ; and the ilue dust formed is trifling in 
amount. Further details about the roasting process are given in 
Table XIII. 

The remainder of the ore treated consists of siliceous and 
ferruginous carbonates similar to those treated by the Proprietary 
Company, but only about half as rich in silver. The fluxes used 
are barren iron ore with 15 per cent, silica, costing 10s. 6d. per 
ton; and limestone (96 per cent. CaOOg), costing 6s. 3d. per ton; 
the fuel being English coke (7 per cent, ash), costing 29s. to 33s. 
per ton, all delivered at the works. The large furnaces employed 
have been described and figured in Chapter viii., but their 
manipulation is attended with some special difiioulties on 
account of the high zinc contents. The "hangings" gave great 
trouble until it was discovered that " drawing in " the furnace 
from immediately above the jackets to the bottom of the down- 
take by only 6 inches or so, all round the furnace, thus giving a 
slight overhang to the brickwork, was of very great efficacy in 
preventing their growth. The very large amount of fume given 
off caused trouble to the feeders when the ordinary open tops 
were used. This could have been got over by using a stronger 
chimney draught at the expense, however, of less condensation 
and higher losses. Recently, a large ventilating hood in the 
roof has been provided at a considerable height over each furnace, 
and connection is made with this by means of a sheet-iron 
chamber provided with large feed doors at each side, and running 
on wheels so as to.be easily run back for barring the furnace. 

Each furnace is run by its own independent blower, a plan 
which, as already seen, possesses many advantages, especially 
when the ores are not very docile. The tuyeres of these furnaces 
being almost absolutely air-tight, and the loss by "slip" on 
Baker or Root blowers rftnnihg rather slowly' under a low 
pressure being small, it is easy to calculate the ratio between 
the quantity of air passing through the furnace and the fuel 
consumed.* 

*Por instance, the " 100-ton" or smallest sized furnace, is run with 112 
revolutions per minute of a No. 5 Baker blower, which delivers at a low 
pressure about 25 cubic feet per revolution. One cubic foot of air at 60° F., 
and at mean sea level pressure, weighs 0'0765 lb., therefore, the weight of 
air entering the furnace is S18 lbs. per minute. The furnace smelts, on an 
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Each furnace is provided with two distinct syphon taps on the 
same side, terminating in very small lead wells. These are 
tapped alternately at short intervals into small cooling pots, 
where the lead is allowed to cool, and is very carefully "drossed" 
before ladling into the usual series of reversible moulds hung 
upon frames, the abundant dross (chiefly PbS) being cast into 
two or three bars which are returned to the furnace. 

The column of charge is run quite exceptionally low, usually 
about 8 feet below the feed floor, making the stock line only 
about 7 feet above the centre of the tuyeres. The down-takes of 
all four furnaces lead to a single flue 7 feet wide, 12 feet high, 
and 400 feet long, in which 6 per cent, of the total weight of ore 
smelted is collected. The stack at the end is 10 feet in diameter 
and 120 feet high. Slag taps* and spouts are provided at each 
end of the furnaces and are used alternately, so as to keep both 
ends as far as possible under equal conditions. The slag is 
partly run out in small pots and used for extensions to the 
works, which are built upon a reclaimed foreshore, and partly 
in large single pot trucks like those described in Chapter 
viii., but with a taphole provided for running out the molten 
interior on the Devereux principle. In either case, the whole 
of the slag-shells made (amounting to some 20 per cent, of the 
total slag) are returned to the furnace. The composition of the 
slag is given in Table XXVI. ; it contains a large amount of ZnS 
which burns and smokes so much at the taphole and in the pots 
that a separate ventilating chimney, 5 feet in diameter, has to 
be run up over each slag tap to take off the fumes. With the 
exception of this inconvenience, and of the necessity for keeping 
a very close watch upon the running of the furnace, regular 
descent of charges, breaking up of incipient " scaffolds," and good 
condition of the tuyeres, very little difficulty is caused by the 
high zinc contents of the charge. The slag produced is hot and 

average, 76 tons of charge per day, and at 11 per cent, this is equivalent 
to 8 "36 tons of coke consumed per day, which at 90 per cent, carbon 
= 7"5 tons carbon = 700 lbs. carbon per hour. Now 700 lbs. carbon will 
require different quantities of oxygen, according to whether the burning is 
to CO (as generally assumed) or to COj : — 

700 lbs. Carbon require :— Burning to CO. Burning to CO2. 

Oxygen 933 lbs. 1,867 lbs. 

Air containing 23 per cent. 0, . . 4,058 ,, 8,116 ,, 

Equal per minute, .... 67-6 „ 135-3 ,, 

Neglecting, therefore, slip and leakage at the blower and connections, 
which at this low pressure cannot amount to more than 15 or 20 per cent., 
we see that the quantity of air passing through this furnace is about three 
times that required for burning the fuel to CO, and 50 per cent, more than 
is required for burning to COj. The atmosphere inside the furnace, there- 
fore, considered as a whole, cannot possibly have any reducing action ; but 
must be, to a considerable extent, oxidising in its effects. 

* i.e., matte-separating taps, or " internal forehearths." 
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runs very thin ; unlike the more siliceous slags, however, which 
pass through a plastic stage, it sets suddenly on cooling, and 
becomes quite hard and strong while still at a bright red 
heat. 

For anything like good work the composition of these slags, 
containing 14 to 15 per cent, of metallic zinc, must be kept 
within very narrow limits for both silica and lime, the limits 
for the former lying between 23^ and 26 per cent., and for the 
latter 12 to 16 per cent. If the slag contains less than 10 
per cent, lime, it carries away matte in suspension and the 
losses are increased ; if there is more than 16 per cent, lime, 
the slag becomes mushy and gives rise to bad, irregular 
smelting. If the silica falls to 21 or 22 per cent., the losses 
of lead and silver in the slag are at once largely increased ; 
if, on the other hand, it rises above 26 per cent., the lead 
loss increases rapidly without a corresponding increase in the 
silver loss, which, in fact, is generally lower on account of the 
larger amount of matte made. The non-formation of matte 
when smelting an ore charge containing 6 to 8 per cent, of 
sulphur and producing a normal slag, and its immediate appear- 
ance as soon as the silica contents of the slag rise above the 
normal limit without any change in other conditions, is one of 
the most remarkable facts brought out by the novel work of Mr. 
T. J. Greenway on these zinc ores. There seems to be no doubt 
whatever about the fact, which has been repeatedly observed 
whenever the ratio of silica to iron in the charge increased 
either by accident or design. The explanation is by no means 
obvious, but a clue is afforded by the fact that the matte so formed 
is not the ordinary iron matte but one very high in lead and zinc, 
and containing only a small percentage of iron. Further, it has 
been noticed that a rise in silica is always accompanied by a 
rise in lead, even though the silver contents of the slag remain 
low. But for this fact it might be argued that the formation of 
matte upon the slag becoming more siliceous was due entirely to 
more perfect separation of heavy metallic sulphides dissolved in 
the slag through the decreased specific gravity caused by the 
added silica ; and, no doubt, some action of the kind does take 
place, as such siliceous slags are found to be somewhat more free 
from sulphur than those ordinarily made. The increased amount 
of lead in the slag, however, indicates that some other influence 
is simultaneously at work, and the explanation would seem to 
be somewhat as follows : — 

The atmosphere in the upper part of the furnace being oxidis- 
ing or, at all events, non-reducing, a portion of metallic lead is 
reduced there by direct reaction between the oxidised and 
unaltered portions of the charge. In practice, somewhat more 
than one half of the original sulphur contents of the ore is 
eliminated during roasting, and it may be reckoned that the 
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bulk of the lead is converted into oxide and sulphate, while 
most of the zinc remains as sulphide. The large excess of lead 
oxide in the "carbonate " ores combines with the silica in the 
same ores to form silicates, which (together with the unaltered 
zinc sulphide of the roasted ore, some leald sulphide, and the 
fluxes) remain without change, except the elimination of COj 
from carbonates, until reaching the zone of fusion where they 
react upon each other. 

When the furnace is running as usual and producing a normal 
slag, the reactions which take place may perhaps be approxi- 
mately represented by the following hypothetical equation : — 

Ore. Fluxes. Blast. 



2(3PbO . 4Si02) + 4ZnS + PbS + 4Fe„03 + 4CaO + 2O2 
1724 

= 4(2FeO . SiOj) + 2(2CaO . SiO^) + 2(2ZnO . SiO^) + SSOj + 6Pb 
Slag (85 per cent, of total) = 25i per cent. SiOj. 

Supposing now the ore and iron flux simultaneously become 
more siliceous (as frequently happens) without any other change 
in their composition or in the furnace manipulation. Matte is 
made, as already seen, and the loss of lead in the slag at once 
goes up. The altered reaction may, perhaps, be shown by the 
following hypothetical equation : — 

Ore. Fluxes. Blast. 



(5PbO . QSiOj) + 4ZnS + Pb^ + SFejOs + SiO„ + 4Ca5 + Oj 



1660 



= 3(2FeO . SiOj) + 4(CaO . SiOj) + PbO . 3ZnO . SSiOj + PbS . ZnS 

Slag (85 per cent, of total) = 29J per cent. SiOj Matte. 

+ 3SO2 + 3Pb. 

The above equations must not be taken as representing definite 
equivalents, but they may serve to explain the nature of the 
change which probably takes place when the charge becomes 
more siliceous. 

The peculiar practice at these works, though well suited to 
the abnormal conditions to meet which it has been adopted (in- 
cluding in particular the exceedingly high percentage ot zinc), is 
by no means to be recommended for such conditions as ordinarily 
prevail in "custom" lead smelting works in other parts of the 
world. 

Various other details are given in Table XXX., No. 3. 
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AMERICA. 

The author not being at liberty to give detailed descriptions 
of specified works visited has selected as typical examples of 
American practice the data given in columns Nos. 1, 4, 5, and 6 of 
Table XXX. The comparative figures there given ■will, it is 
hoped, be found useful, and particular attention should be drawn 
to the way in which the figures for " hearth efficiency " and 
"tuyere efficiency" rise in proportion to increased blast pressure. 

The following examples of unusual conditions may be quoted: — 

Tombstone, Arizona.* — Here, during the years 1883-1887, 
concentrates from the tailings of pan amalgamation mills con- 
taining 50 per cent. Pb, 50 ozs. Ag, and about ^ oz. gold per ton 
were smelted together with argentiferous manganese and siliceous 
ores in a round water jacketed cupola, after " bricking " with 
the finest slime from the settling pits, which itself contained 
8 to 10 per cent, lead and a little silver. The total quantity 
treated was about 40,000 tons, the average lead contents on the 
charge being only 6 '7 per cent, by dry assay, and the base 
bullion produced averaging 329 ozs. Ag. per ton ; yet the losses 
in slags averaged only 1-64 per cent, lead and 1 -8 ozs. silver per 
ton, though running much higher when the lead on the charge 
ran down to only 4^ per cent. It was necessary to charge back 
the bullion produced in order to keep sufficient flow through the 
furnace. It appeared that good work could be done when the 
lead produced was not less than 7^ per cent, of the total weight 
of the fused furnace products. The slags made were very fluid 
(owing to the manganese present, which at times ran as high 
as 43 per cent.) their average composition is given in Table 
XXVI. The fuel consumption was high — viz., 20 per cent. — 
owing, no doubt, in part to the oxidising influence of the free 
oxygen in the manganese ore. No difficulty was experienced 
except that the perfect fluidity of the basic manganese slag 
permitted all impurities to settle out and form crusts on the 
lead. This tendency was increased by the absence of sulphur to 
form a matte, and by a very small quantity of arsenic which 
formed a heavy infusible speiss with reduced iron and small 
quantities of copper, nickel, and antimony present. The total 
cost of smelting, including limestone flux, was 39s. lid. per 
ton of ore. 

At Casapalca, Peru, 14,000 feet above sea level and 2000 feet 
above timber line, rich lead and silver ores are smelted in water 
jacket furnaces with imported English coke, costing |40 per ton. 
The ores consist of-^(l) Lump galena with 45 per cent. Pb and 
50 ozs. Ag per ton ; (2) jig concentrates with 158 ozs. silver 
per ton ; and (3) Vanner concentrates with 209 ozs. silver per 
ton. All the concentrates contain 6 to 12 per cent, of lead and 
*v. Church, Trans. A.I.M.E., vol. xv., p. 601 ; vol. xxiv., p. 559. 
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3 to 5 per cent, copper. The ores, mixed in the proportion of 
two parts lump galena to one part concentrates, are charged in 
1 ton charges into a single-hearth reverberatory for roasting and 
slagging. Each charge takes six hours to work, the fuel being 
300 lbs. of soft coal (local, costing $16 per ton) and 250 lbs. of 
dried llama dung. The slagged ore contains Pb 34-5 per cent., 
Ou 9-3 per cent., Ag 0-34 per cent., Si02 17-2 percent., FogOg 
22-5 per cent., CaO 6 per cent., S 6-5 per cent. — total, 96-34: per 
cent. 

The slagged ore is broken into fist-sized pieces and smelted in 
a 36-inch round American water jacket. The average charge is 
18,000 lbs. slagged ore, 500 lbs. of ancient slags with 45 per cent. 
Pb and 2 to 5 ozs. silver per ton, 300 to 500 lbs. of oxidised ores, 
1000 lbs. of bog iron ore, 1500 lbs. of limestone, and 1500 lbs. of 
foui slags with 8 to 12 per cent. Pb. The products are work- 
lead with 235 ozs. silver per ton, and copper matte with 27 to 
50 per cent. Ou, 7 to 61 per cent. Pb, and 38 to 150 ozs. silver 
per ton. The slags average SiOj 37 per cent., FeO 45 -2 per 
cent , CaO 8-6 per cent., Pb 3-4 per cent. ; when not containing 
over 6 per cent, lead they are considered " clean " and are 
thrown away, as it would not pay to resraelt them on account of 
the high cost of fuel. The coke consumption is 14 to 17 per 
cent, of the charge, which is small enough considering the very 
high altitude. 



CHAPTER XII. 



FLUE-DUST-ITS COMPOSITION, COLLECTION, 
AND TREATMENT.* 

1. COMPOSITION. 

The term " flue-dust " is commonly applied to a product which, 
collected very often in a single series of apparatus, is in reality 
composed of a mixture in varying proportions of two distinct 
classes of material. The first is merely fine ore-dust carried over 
mechanically by the draught ; the other, more properly called 
lead-fume, being a mixture of sulphides, sulphates, and oxides of 
lead with some zinc, arsenious acid, and other substances, 

* Consult Hering, Die Verdichtung des Hutienrauches, Stuttgart, 1888 ; 
also Hofman, Metallurgy of Lead, 1893, pp. 281, et seq. ; and lies, 8.M.Q., 
vol. xvii., pp. 97, et seq. 
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volatilised in the hottest part of the furnace, and subsequently 
solidified on cooling into an infinitesimally fine dust. The 
individual particles are so fine that it would be almost impossible 
to collect them but for their mutual attraction, which causes 
them to form flaky or feathery aggregates somewhat as snow 
crystals combine to form snowflakes. The flue-dust collected 
nearest the furnace contains most of the particles of ore mechani- 
cally carried over, while that further away approximates to the 
composition of a true fume. 

The flue-dust from blast furnaces run with a cold top is always 
dark in colour, owing to the presence of particles of fuel in the dust 
chambers near the furnace, and to the presence of large quantities 
of volatilised PbS at a greater distance along theflue. The marked 
difference in composition between mere chamber dust and true- 
fume is well exemplified by the analyses of the products of the 
Lone Elm hearth furnace given in Chapter v., p. 73, and the 
difierence is quite as marked in the case of blast furnaces. The- 
flue-dust from roasting furnaces contains little or no ore and 
fuel, approximating more to the character of a fume, while the- 
fume from furnaces in which the ore is fused or slagged is 
naturally much richer both in lead and silver than when the ore- 
is plain roasted. 

The composition of various samples of flue-dust is given in 
Table XXXI. It will be noticed that a considerable pro- 
portion of PbS exists in most of the samples. The volatility 
of PbS at moderate temperatures, much below its fusing point 
has been already referred to in Chapter ii., and hence it is 
to be supposed that all the lead existing as PbS in flue-dust was 
volatilised as such, while that existing as PbO. was probably 
volatilised as metal in the lower portion of the furnace. When^ 
as frequently happens, the deposited fume catches fire and burns 
in the flue on account of some furnace being barred down or 
blown out, the residual matter consistiiig of sulphates and oxides, 
acquires a white or grey colour. This is always the case with 
fume from reverberatory furnaces. 

Careful testing of the flue-dust from difierent parts of a con- 
densing system brings out the fact that the ratio of silver ta 
lead diminishes with increased distance from the furnace. This- 
is only what might be expected from the less volatility of silver 
compounds. Thus, at Ems the silver in the flue-dust and fume 
diminishes gradually from nearly 5 ozs. down to 1 oz. per ton. 
Flue-dust is always relatively poorer in -silver than the ore from 
•which it was derived, for the same reason ; and fume-Iead 
(obtained as its-name implies chiefly from the true fu-me or finer 
portion of flue-dust) is harder and more impure as well as poorer 
in silver than ore lead. 
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2. FLUE-DUST COLLECTION OR CONDENSATION. 

The two varieties of flue dust — viz., true-dust and lead-fume — 
differ greatly as regards the difficulty of coUectiag them. The 
former only requires sufficient reduction in the velocity of the air 
current in order to settle out almost completely, even without 
thorough cooling, and this reduction in velocity is best secured 
by enlarging the diameter of the flue, and especially by con- 
structing large dust or settling chambers. The floating particles 
of true fume, however, are so minute that, even after a thorough 
cooling (without which no condensation is possible), mere 
ordinary settling has but little effect upon them. A better 
means of condensation is to increase the length of the flue, and 
alter frequently the direction of the motion by means of baffle 
walls, so as to increase the number of contacts with the sides of 
the flue, to which a certain proportion of the floating particles 
adhere, and from which they fall to the floor. 

It is found, however, that both of these means are compara- 
tively inefficient for condensing true lead-fume, and accordingly 
at all the older lead works the length of the flues was continu- 
ally increased, with the result that each successive addition 
yielded sufficient lead to more than pay interest on the capital 
expended in its construction. In this way, for example, the flues 
at Freiberg have grown till they now attain the enormous length 
of 5 miles, the sectional area being for the most part 40 square 
feet ; again, at Mazarron, Spain, the flues are 2 miles long, and 
are being continually added to. The methods adopted for the 
condensation of flue-dust may be considered as belonging to the 
two separate stages of cooling and collection. 

Cooling. — The first essential in condensing lead -fume is 
that the gases shall be thoroughly cooled, not, however, on 
account of any trifling amount of lead which may possibly 
remain in the condition of vapour, for the vapour tension of lead 
or its compounds, even at the boiling point of water, is quite 
imperceptible. 

According to the experiments of lies,* the average tempera- 
ture of the gases escaping from a modern lead blast furnace in 
good work is about 214° F., the maximum registered being 335% 
when the accretions had reached a considerable thickness. 
When the heat is allowed to creep up, however, and the furnace 
has a " hot top," the temperature may be very much higher. 

Thorough cooling is necessary, chiefly because minute hot 
particles repel instead of attracting each other, and, therefore, 
until the gases are brought down to a temperature below that 
of boiling water, no collection of the particles into flaky masses 
can take place. The temperature of furnace gases from lead 

* S.M.Q.,vo\. xvii., p. 19. 
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blast furnaces is, according to the above figures, not commonly 
high, and the cooling is, therefore, readily affected; but with 
gases from roasting furnaces and from reverberatories, which on 
entering the flue are still almost red hot, special means of cooling 
are essential. i 

Air Cooling. — A common method of air cooling is by means of 
a sheet-iron flue, as shown in Figs. 100 and 101. The former 
represents the flue in use at Richmond (Nevada), which was 
800 feet long, and shows the mode of suspension to a wooden 
trestle. 





Fig. 100.— Flue. 



Fig. 101.— Flue. 



The sliding doors, D, were 2 feet apart. A better arrange- 
ment is that shown in Fig. 101, where the flue-dust collects in 
the hopper-shaped portions which end in short square pipes 
closed by sliding doors, and which can be conveniently emptied 
into a closed truck by means of a movable length of pipe. This 
flue can be suspended by means of short trestles underneath the 
upper body, leaving the hopper parts hanging free. An arrange- 
ment of hoppers which is easier to make is that in use at Ems, 
but the hoppers are wedge formed, instead of pyramidal, and are 
not nearly so easy to clean. All sheet-iron flues should be kept 
well painted with some form of asbestos or " silico-graphite " 
paint. 

Another air-cooling arrangement is that in use at the Grant 
Works, Denver, where, owing to want of space underground, 
flues and chambers have been built of hollow terra-cotta tiles, 
through which a, current of air is made to circulate by means of 
a separate chimney. 

Water Cooling. — Simple air cooling requires very long flues, 
and, therefore, many attempts have been made to utilise water 
for accelerating the rate of cooling. When applied internally, 
water also assists in condensing the dust, but this plan has many 
disadvantages, as will be seen under the head of Wet condensa- 
tion. The external use of water for condensation is exemplified 
by the Hagen appliance in use at Freiberg. This is made 
of sheet lead ; it is -suspended like an ordinary sulphuric acid 
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chamber, and cooled by a succession of sballow leaden tanks 
attached respectively to the roof and floor, and connected by 
elliptical sheet lead pipes burnt on to the sides of the flue and 
to each other. Water circulates alternately up and down 
through this series of tanks and pipes ; the appliance is said to 
be very efficient in cooling the gases, though too costly for 
ordinary use. 

CoUection. — The collection of flue-dust, of course, begins 
before the gases have been properly cooled, and further cooling 
takes place during the collection. This further cooling is 
in>portant, because the dust-laden gases are repelled by a surface 
•which is warmer, and attracted by one which is at a lower 
temperature than their own. The preliminary partial cooling 
is, however, essential. 

After cooling, the most important requisites for condensation 
are : — (1) To reduce the velocity of the air current ; and (2) to 
expose as large a condensation surface as possible to the gases. 
Simple increase in the length of the flue fulfils to some extent 
the second condition, but not the first ; large settling chambers 
fulfil the first condition, but not the second. Of the two requisites, 
the second is of very much greater importance than the first 
It is found that in a horizontally partitioned flue very much 
more flue-dust is deposited in the upper than in the lower half in 
a given time ; also that the point of maximum velocity is on the 
centre line of the flue at about seven-tenths of the total height 
from the bottom. At the bottom the forward velocity is very 
slight, or there may even be a slight eddying or return current, 
yet not so much is deposited here as on the top, where the 
velocity is much greater. In an ordinary flue without horizontal 
partitions the deposit on the bottom constantly accumulates, 
because tlie flue-dust caught on the top and sides falls from time 
to time in masses of greater or less size and remains there. 

Increase of surface, however, without previous cooling has 
but little effect. Aitken has shown * that a hot surface repels 
floating particles, especially if moist; whereas » surface which 
is slightly cooler than the floating particles attracts them. 
Increasing the surface acts also in another way — viz., by increas- 
ing the friction of the current of gases, by which their velocity 
is considerably reduced within an inch or two of the surface, 
and the tendency of the particles to settle out can better come 
into play. 

Construction of Flues and Settling Chambers.t — Both 
flues and settling, or dust, chambers are commonly built of 
brick, tied together by means of iron rods to avoid leakage. 
The parts near the furnaces are always built of firebrick, or of 
sheet iron as already described ; but, after thorough cooling of 

* Proc. Ray. Soc. Edin., vol. xxxii., p. '239. 
t Sometimes called " Sedimentation chambers." 

16 
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the gases and condensation of most of their contained moisture, 
ordinary brick or stone may be used for the remaining portions. 
Substantial construction is essential if the flues are to stand for 
any time, and thus a properly designed system becomes very 
expensive. Two very good forms of flue are shown in Figs. 102 
and 103. The former* represents the flue of the Montana 
Smelting Company at one of the manholes 50 feet apart ; the 
cleaning doors and pits shown in this figure occur on alternate 
sides at intervals of 9 feet 4 inches, and the method of bracing 
with wooden posts set into a masonry foot and tie-rods through 
the springing of the arch is plainly shown. Fig. 103 is a section 




Scsic of feet 
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Figs. 102 and 103.— Flue. 



of the new flues at the Ems Smelting Works. Arched flues were 
formerly used here, like those in Fig. 105, but they were found 
to crack a good deal, and flues of the form shown in the figure 
in which a course of iron rails across the side walls supports 
brickwork have, to a great extent, replaced them. 

Baffle walls in the flues, forcing the gases to take a tortuous 
course and largely extending the surface, are found to greatly 
increase the amount of flue-dust collected, though somewhat 
diminishing the draught. It is best to run up these baffle walls 
from alternate sides so as to cover about one-half of the sectional 
area of a large flue, and to supplement them, as at Aurora and 
other places, by 2-feet walls built up from the floor at intervals, 
so as to form pockets, which prevent the dust from drifting along 
the flue or being again caught up by the current. 

Where hrick cannot be obtained, stone may be used for building 
flues, but they are not then so strong, and much more mortar is 
required. Occasionally, in countries where water for mortar 
mixing is scarce, flues have been excavated in the solid rock, and 
lined with a plaster of cement mortar, or with a lining of brick 
set edgeways. This method of construction, however, will rarely 
* Borrowed from Hofman, op. cit., p. 289. 
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be much cheaper than that of ordinary flues above ground, and 
it possesses the great disadvantages of not being readily ac- 
cessible for cleaning purposes, without shutting down the 
furnaces, and of not favouring any cooling of the gases. In 
old established works, however, flues have frequently to be built 
entirely underground on account of want of space. 

Of late years the Monier system of construction * has been a 
good deal employed for the construction of flues and dust 
chambers, for which purpose its lightness and the thinness of 
the walls render it specially suitable. A flue on this principle 
(a network of coarse iron wire imbedded in cement concrete) 
was erected in 1890 by the Victor Friedrichshiitte (Tarnowitz, 
Up. Silesia), 1640 feet long, 6 feet 7 inches wide, and 9 feet 10 
inches high, which has given satisfactory results. A group of 
condensing chambers on this system was built in 1893 at Frei- 
berg, as an addition to the flues from the arsenic and zinc works. 
It consists of six parallel flues, each 100 feet long, 10 feet 4 inches 
wide, and 10 feet 10 inches high, giving a total extra length of 
686 feet of flue, with 2086 cubic metres capacity. 

The lattice work is composed of vertical and horizontal wires, 
^2- inch ajjart, the wires being -^ inch and ^s iich diameter 
respectively. The concrete is composed of one part cement, 
three parts quartz in fragments, about ^ inch diameter, and two 
parts quartz tailings from the dressing floors. The walls are 
built 20 inches thick, with the network in the middle ; they are 
painted on the outside with coal tar and on the inside with a 
silicate paint. The cost was £1330, as against £1500 which it 
would have cost in light brickwork, and £2500 in sheet lead 
properly supported. 

Similar flues have been constructed at other places in Europe 
and America, f and are found to answer very well, except that 
the diiFerence of temperature between the outside and inside 
surfaces, and especially the difference between night and day 
temperature, causes the cement to crack. This can, however, be 
remedied by building the flue in short sections only, 6 feet long, 
with a |-inch space between, and covering with thin flat strips 
of iron so as to form a rough expansion joint. 

Methods of Increasing Surface. — In addition to baffle 
walls, the principal methods of increasing surface are the 
following : — 

1. Cowper Flues. — The principle upon which these work is 
easily understood from a reference to Fig. 104, which shows a 
plan of one set of such flues. The main flue from the furnaces 
has a stopping door, D, fixed in it, and a number of parallel 
diagonal flues branch ofi'from it on either side, the opening into 

* Eng. and Min. Joum., June 6, 1891, 

t E.g., at the Philadelphia S. and R. Works, Pueblo, Colo., where they 
have been only moderately successful. 
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each from the main flue being very small, so as to divide the 
current of gases into approximately equal portions, which are 
again collected into the main flue by the gathering flues, G, on 
either side. In this way the velocity of the current in the 
parallel flues, which are narrower than the principal flue, is 
reduced to, say, one-tenth of that in the latter; while the surface 
exposed for condensation is twenty times as great. 



Section 




from furnaces 



Fig. 104.— Cowper Flues. 



An installation of this kind has been in use at Linares (Spain) 
since 1882, working most satisfactorily and yielding over 90 tons 
of fume in six months, containing 67 per cent. lead. The 
Cowper flues possess the very great advantage that the velocity 
of the current is reduced simultaneously with the increased sur- 
face offered to the gases, and therefore the fumes are under the 
most favourable conditions for deposition. 

2. Brushwood and Coke Towers. — These methods were formerly 
largely employed, usually with the addition of a spray of water^ 
but the product obtained is always in a very unsatisfactory form 
for handling, not to mention the great obstruction to the draught ;^ 
they are now practically out of use. 

3. Freudenberg Plates.— The Cowper flues may be multiplied 
and the individual flues narrowed to any desired extent, but a 
cheaper and simpler means of attaining the same end as regards 
increase of surface is by the adoption of Freudenberg plates 
shown in Figs. 105 and 106.* At the level of the springing of 
the arch flat iron bars, L, pierced with holes about 4 inches 
apart, are fixed across the flue by twisting the ends at right 
angles so as to enter the brickwork, and iron pins are driven 
into the holes so as to project about 1 inch on each side. Sheets 
of iron, B, No. 22 gauge, have pieces, D, rivetted to the ends of 
their upper side, in which loops are formed which drop on to the 
pins and so support the sheets in a vertical position 4 inches 
apart. Old sheet iron can be used for this purpose ; in fact, old 

•Egleston, Trans. A.I.M.E., vol. xi., p. 379. 
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jig screens are commonly employed, while at the extreme end of 
the flue system, where the gases are cool, pasteboard has been 
found to answer when the flue dust is not ignited before 
removal. The flue-dust collecting on the plates falls to the 
ground on attaining a 
certain thickness, and 
at every 15 to 18 feet a 
cross partition, E, is 
erected in the lower part 
of the flue to prevent 
dust once collected from 
being taken up again 
by the air current and 
carried away into the 
stack. These cross par- 
titions are of sheet iron 
bolted to cast-iron feet, 
O, and reach up in the 
flue about 20 inches. 

The plates may be 
placed much closer to- 
gether, but they are then 
liable to choke up, and 
the friction is so much 
increased that unless the 
chimney is of very great 
height and the flue runs 
uphill to it recourse 
must be had to increas- 
ing the chimney draught 
by artificial means. 
When 4 inches apart 
the ordinary draught is 
but slightly interfered 
with. 

A good arrangement 
is to provide two or 
three parallel lengths 
of flue fitted with the 
Freudenberg plates, so 
that the current of gases 
can be either split up 
among the various flues 
or shut off at pleasure 
from one or the other for the purpose of cleaning, which has 
to be done so often that in the absence of some arrangement 
of the kind the furnaces may have to stop to allow of cleaning 
out the flues. 




Figs. 105 and 106. — Freudenberg Plates. 
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It might be supposed that thin iron sheets would rust very 
quickly, but this is not found to be the case where the gases are 
properly cooled, and where they pass through a long length of 
flue before reaching that part where the plates are placed, so 
that all the moisture is condensed out of them before they come 
in contact with the iron. 

An installation of Freudenberg plates put in at the Muldner 
Hiitte (Freiberg) in 1890 is described by Bauer * as a series of 
twenty-one parallel flues, each 33 feet long, forming part of the 
condensing system of the blast furnace and refining departments. 
The total surface of these flues is 1520 square metres ; they are 
constructed of iron sheets fixed about 20 cm. apart. The sheets 
above the springing of the arch are fixtures, those in the central 
portion of the flue being suspended like those at Ems. The 
result of the insertion of the sheets was, that with an increase in 
ore smelted of 15 per cent., the flue-dust collected in the whole 
system showed an inciease of 45 per cent. ; the increase in that 
portion of the main condensing chamber containing the flues 
was no less than 82 per cent., while nearer the stack the quan- 
tity condensed was actually less than before. Unfortunately, 
there is no excess of chimney draught as at Ems ; in fact, a 
Guibal fan has always been required to assist the natuial 
draught, and it was found that an increase of 40 per cent, in 
the work of the fan was required to overcome the increased 
resistance caused by the plates. The Guibal fan used is 20 feet 
diameter and 3 feet 6 inches wide ; it takes about 7 H.P. to 
drive it at the rate of 65 to 85 revolutions per minute, which 

gives a pressure equal to 
34 mm. (If inches) of water, 
about 20 mm. of which cor- 
responds to the resistance 
introduced by the plates. 
The cost of 20 mm. pressure 
is about £250 per annum, 
which, together with the 
interest and depreciation on 
the plant, mu st be set against 
the saving efliected. 

4. Rosing Wires. — Instead 
of sheets of iron, wires may 
be used as first tried by 
Rosing, t The wires used 
are of No. 10 gauge, and 
three-fourths the full height 



Support 
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Fig. 107. — Rosing Wires. 



of the flue ; they hang in parallel rows from a wire netting 
of 1 inch mesh, which is rivetted to I beams running across 

* Jahrhwhfiir das Berg- und Hictten-wesen im K. Sachsen, 1894, p. 39. 
t Saeger, B- u. H. Zeitung, 1894, p. 299. 
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ishe top of the flue as shown in Fig. 106. At the Tarnountz 
Works an installation on this system in 1888 reduced the total 
amount of solid matter escaping during the year from 54 to 40 
tons per furnace, without perceptibly influencing the draught, 
the extra material collected being very rich in lead. 

5. Use of Electricity.* — Since thediscoveries of Lodge and Olark 
in 1884, it has been known in a general way that discharges of 
static electricity would rapidly cause all dust to settle in a closed 
chamber, and patents were taken out by the firm of Walker, 
Parker & Co. in 1885 for the purpose of utilising these dis- 
coveries practically. No success has hitherto attended experi- 
ments in this direction, because electrification of the dust 
particles can only take place in stagnant air ; as soon as there 
is anything like a current of gases the discharge seems to be 
dissipated. 

6. Filtering Methods. — So far as the author is aware we owe 
the first suggestion of filtering methods to Percy, t but it was 
not until recently that Bartlett experimented on the subject 
with satisfactory results. The Lewis and Bartlett bag process 
has been already described in Chapter v. As applied to blast 
furnace fumes the appliances employed have taken a somewhat 
different form, as, for example, at the Globe Works (Denver). 
The flue dust recovered at these works includes the whole of the 
lead fumes from the blast furnaces and roasters, and even that 
from the lead wells and slag taps, which is drawn off through an 
overhead main with funnel-shaped ventilators. It is ignited on 
the floor of the bag house, giving a porous grey cinder containing 
as oxides and sulphates Pb 75 per cent., Zn 3 per cent., Fe 0-5 
per cent., As 1'3 per cent., and 4 ozs. silver per ton, which 
forms part of the ordinary smelting charge. 

The Brown-De-Camp fume collector \ is on the same principle, 
and with it, as with all other filtering processes, it is necessary 
to thoroughly cool the gases down to 150° F. or less before 
their arrival at the condensing chamber; and advisable to settle 
out as much as possible of the ore dust and coarser clots of 
fume in ordinary flues and chambers. At the Omaha Works 
(Neb.), where the process has been in use since 1894, this is done 
by passing the gases from ten large blast furnaces, each 42 inches 
by 120 inches at the tuyeres, through 800 feet of brick flues. 
Instead of woollen bags a heavy open woven canvas or duck is 
employed, arranged in four high peaked ceilings, each 29 feet 
high by 99 feet long, and any one of which can be cut out of the 
series. A framework of I beams and pipes supports a series of 
ceilings in each compartment, the total effective filtering area of 
which is 40,000 square feet, and the capacity of each compart- 

*Hutohings, B. u. H. Zeitung, 1885, p. 2?3 ; also lies, S. of M. Q., vol. 
xvii. , pp. 109, et seq, 
t Metallurgy of Lead, p. 449. tEng. and M. J., Oct. 19, 1895. 
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ment below the ceilings is. 60,000 cubic feet. It is found that, to 
ensure complete efficiency, discharging the gases quite colourless 
and without visible vapour, about 16,000 square feet are required 
for each furnace, the whole installation being thus sufficient for 
ten furnace.s. The fan is a 12 feet Murphy ventilator, which, at 
200 revolutions, takes the fumes from ten furnaces, and consumes, 
roughly, about 7 H.P. for each furnace running. Suspended 
between the converging walls of the peaked ceilings are oscillat- 
ing shafts carrying long beaters, which can be put in motion by 
means of levers from the outside of the building as often as the 
pressure gauge in each compartment shows that the meshes of 
the fabric are becoming clogged, causing the beaters to strike 
the canvas and shake off the dust, which falls to the floor of the 
building. 

When the dust has accumulated to a sufficient extent it can 
be burnt on the floor, a separate set of flues and a small chimney 
being provided to carry off the products of combustion. It is 
usually, however, wheeled to a separate closed chamber for 
ignition, which converts it into a grey or pinkish friable coke, 
suitable either for the blast furnaces or for working up in the 
refinery together with skimmings and drosses to a hard lead. 
. The actual saving when, running all the gases from seven 
furnaces through two compartments of the above condenser 
averages about 100 tons of metallic lead per month, carrying 
about 10 ozs. silver per ton, which is 6 per cent, of all the lead 
charged into the furnaces; this yields a gross income of about 
£1200 per month, or very much more than the total expense for 
maintenance, depreciation, and interest. 

Wet Condensation.* — Many attempts have been made to 
employ water for condensing lead fumes, but the great difficulty 
is the practical impossibility of getting contact between the 
water and the minute particles of fume, which, instead of being 
attracted, are repelled by a moist surface as first noticed by 
Percy, t Three main varieties of wet process may be described : — 

1. Passing through Water This is the most expensive, owing 

to the powerful fans required to force the fumes through the 
head of water. Simple bubbling through water under a dia- 
phragm or through perforated pipes was soon found to be almost 
useless, but the method of the Slieffield Smelting Co. is very 
effective. The fumes are distributed in a closed tank by means 
of a network of perforated pipes 7 inches below the surface, and 
above the pipes are fixed several diaphragms of copper wire, 
gauge about 16-mesh, the action of which is to break up the 
bubbles and so increase the contacts of dust-laden gases with 
the water. The gases are forced along by means of Roots' 
blowers, and it is stated that the cost of the power required, 

''v. Percy, Metallurgy of Lead, pp. 441:449. 
■\ Metallurgy of Lead, p. 450. 
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though considerable, is small compared with the value of the 
fume recovered. 

2. Blowing in Steam. — This is cheap enough, but all the pro- 
cesses which depend upon the use of steam have proved utter 
failures. A large part of the steam escapes condensation, and 
rather hinders than assists the segregation of the dust particles, 
while such portion as is condensed forms a very acid mud which 
rapidly attacks the materials of the flues and chambers. 

3. Passing through a Water Spray. — This process, though 
costly in plant, has given good results at several works. At the 
St. Louis Smelting and Refining Works the plant consisted of a 
chamber built of tiles, in sections containing shelves composed 
of drain tiles supported by planks borne on old iron rails. The 
smoke passed first up through one such tower and then down 
through another, being sprayed all the time through fine rose 
nozzles at the top of each tower. It was then driven through a 
long wooden tank containing water, and provided with a number 
of hanging curtains which forced the gases to come in contact 
with the surface of the water while they were again sprayed 
from above. The fans were two Sturtevants, 7 feet 6 inches 
diameter, and the fume was perfectly condensed, but whether 
the process ever paid or not is a moot point. 

At the. Bimetallic Smelter (Leadville) a similar plant is at work, 
consisting of two circular towers, each 20 feet high by 16 feet 
diameter, through which the fumes from two large pyritio 
furnaces are forced by means of two Huyett & Smith fans, 10 
feet diameter, running at 260 revolutions per minute. The 
towers contain a great number of A-shaped tiles with serrated 
lower edges, supported in the form of shelves on old rails com- 
pletely enclosed in sheet lead, the seams of which are " burnt " 
together, as. are also those of the sheet-lead lining of the towers. 
Water is supplied from a shallow tank, forming the roof of the 
tower, through a network of 120 leaden pipes, and trickles down 
from shelf to shelf, falling from the serrated edges of one tile on 
to the ridges of those in the next row. The fumes enter the 
towers at a temperature of 350° to 400°, and leave at a tempera- 
ture of 90°, being discharged through an octagonal stack 150 feet 
high built of planks heavily tarred. The condensed fume is 
washed out by the stream of water issuing from the bottom of 
the towers, settled in tanks, and sun-dried. It contains 25 to 40 
per cent. Pb and about 25 ozs. Ag per ton. 

Quantity of Flue- Dust Recoverable. — The quantity of flue- 
dust produced is influenced by various factors, among which 
may be mentioned the amount of fine ore in the charge, degree 
of friability of the fuel, pressure of blast employed, amount of 
bosh in the furnace shaft, care in keeping the walls free from 
accretions and the top cool, and, especially, the height of the 
column of charge in the furnace. 
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"With filtering methods, practically the whole of the lead 
volatilised can be collected as fume, but -with all the other 
methods a variable amount always escapes, in many works little 
else but ore dust being collected. 

At the Keld Head smelting works in 1857* the fume, collected 
by means of water-spray condensation from ores which yielded 
in the ore hearth 1374 tons of lead, gave 96 tons of fume lead, 
which is 7 per cent, of the ore yield, or about 5 per cent, of the 
total weight of ore charged, and over 6 per cent, of the weight of 
lead present. 

Hofman t puts the average quantity of flue-dust formed in 
American works at 5 per cent, of the total weight of ore charged, 
which is probably an extreme figure for high modern furnaces; 
the quantity collected, however, averages barely half as much. 

At Ems I in ten months of 1881-82, the 14,605 tons of ore 
treated, containing 42-8 per cent, lead, yielded 931 tons of flue 
dust, averaging 56'9 per cent, of lead ; the flue-dust actually 
collected, therefore, was 6 -4 per cent, by weight of the ore 
treated, and contained 8'5 per cent, of the lead contained in it. 
At Freiberg || in 1893 the weight of fume actually collected 
amounted to no less than 9-7 per cent, of the weight of ore 
smelted, and contained 1658 tons lead, 36,655 ozs. silver, and 
917 tons of white arsenic, the total value being £13,636. 

It has been already mentioned that at Omaha (with the new 
appliances) the fume collected, as an extra saving over and above 
the ordinary flue- and chamber-dust collected in 800 feet of flue, 
is equivalent to 6 per cent, of the lead charged into the furnace. 
It may, perhaps, be reckoned that, as a rule, in works smelting 
ores fairly rich in silver, from 2 to 3 per cent, of both lead and 
silver will be carried away mechanically as fine dust, which can 
all be settled out readily in suitable chambers ; while from 
6 to 10 per cent, of the lead, and J to |^ per cent, of the silver, 
will be volatilised, more or less of which is condensible according 
to the degree of perfection of the appliances employed. With 
ores poorer in silver, the quantity of that metal volatilised is 
much greater in proportion to the lead, and may reach, or even 
exceed, one per cent, of the total amount present. 



TREATMENT OP FLUE-DUST. 

The methods adopted for treating flue-dust have nothing to do 
with the mode of collection. The use of lead fume in its 
natural condition as paint is more than two centuries old, and 
at Linares and other places large quantities are sold for use as 
such, but the grey colour is frequently objectionable. The 

•Percy, op. cit., p. 456. t Op. cit., p. 282. 

JEgleston, Tra-ns. A.I.M.E., vol. xi., p. 404. 

II Bauer, Jahrhuchf. d. B. u. H. W. im. K. Sachsen, 1894, p. 39. 



FLUE-DUST : TBBATMENT. 251 

special treatment of non-argentiferous flue-dust obtained from, 
the Scotch hearth to produce a white paint has been already 
described in Chapter v., but with ordinary flue-dust the object 
must be to return it to the ore furnace, so as to obtain the lead 
and silver it contains in the form of metal. 

The commonest way of handling flue-dust is, perhaps, a simple 
wetting down, forming a sort of mortar, the lumps of which, 
after partial air drying, resist disintegration to such an extent as 
to enable the heat to act upon them. Ignited flue-dust in par- 
ticular forms coherent lumps which are in very good condition 
for the furnace. At the various Broken Hill plants where lead 
is cheap and fuel and labour dear, this has been hitherto the only 
means adopted for handling the flue-dust, though it is well 
known that much of the finer portion is simply blown out again 
by the blast. Where lead is, comparatively speaking, more 
valuable, it is preferable either to make the flue-dust into bricks 
before smelting, or to ftise it down in the fuse box of a slag- 
roaster, or in a separate reverberatory furnace. 

1. Bricking. — One of the commonest methods of bricking is 
with lime, of which 5 to 10 per cent, is mixed with the flue-dust 
in a pug mill, the bricks formed in a simple machine and dried 
in the sun. The bricks are very "tender," unless they are made 
in a machine which exerts considerable pressure upon them.' 
Much stronger bricks are made by substituting clay for lime, as 
was done formerly at Eureka (Nov.). This process is in use at the 
El Paso Works, where 5 per cent, of clay is found to be sufficient ; 
the bricks, though made by hand and simply air dried, stand a 
fair amount of handling, and the cost is only 12s. per 1000 bricks 
of ordinary size. 

Pan-slimes (85 per cent, quartz, 2 or 3 per cent, clay) were 
used as binding material at Tombstone (Ariz.) by Church,* who 
found that the bricks were sufl5.ciently coherent, tliough made 
only by hand and sun-dried, and attributes the binding quality 
of the slimes to their extreme fineness. The fine roasted ore 
from the leaching tanks at Goslar (Lower Harz), after washing 
to remove the zinc sulphate, becomes quite hard and coherent 
when left to dry in piles. Similar results have been noted with 
roasted pyrites at Eio Tinto and other places. 

A solution of green vitriol (ferrous sulphate) has long been 
employed in Continental works for agglomerating fine ore, and 
Hahn found that it did very well for flue-dust. The sulphur so 
added to the charge is, however, objectionable from its reduction 
to matte, and Hofman t suggests that the simultaneous addition 
of slaked lime would be an improvement, as the ferrous hydrate 
precipitated would become gradually oxidised on exposure to the 
air, and so form hard lumps. Dilate sulphuric acid is found by 

* Tram. A.I.M.E., vol. xv., p. 611. t Op. cit., p. 292. 
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Eurich * to form a very good binding material on account of the 
basic sulphates formed. 

Simple pressure (as in dry-bricking machines) has been applied 
by Peters t to the bricking of fine pyritic ores with good results. 
The same method is einployed at the Pennsylvania Works (Utah), 
the flue-dust being mixed with fines of rich ore. 

At the Germania Works (Salt Lake, Utah) the flue-dust is 
mixed in a slightly damp condition with enough lime to make 
5 per cent. CaO in the final brick, and is then fed into the 
hopper of a double-plunger pressure brick machine, which forms 
flat circular cakes about 4 inches diameter, and weighing 3 lbs. 
each. Of these, 4,200 per hour are turned out, the total capacity 
being thus about 55 tons in a ten hour shift. The cakes are air 
dried, generally for a couple of days only, owing to want of space, 
but are better if left to dry for a week. 

At Mansfeld a flue-dust containing as much as 14 per cent, 
lead is produced from the copper schist in smelting for copper 
matte. It is machine-bricked with raw bituminous fines pro- 
duced in mining the copper schist, and smelted with ferruginous 
matte slags in a small blast furnace to work-lead, containing 
over 100 ozs. silver to the ton. 

At Goslar the flue-dust contains so much zinc oxide that this 
is first leached out with dilute sulphuric acid, and recovered as 
white vitriol from the liquors, while the lead and silver are con- 
centrated in the residue, which is bricked for the ore furnace. 

2. Fusion. — A common way of handling flue-dust is to add a 
few cwts. of it to every charge of roasted ore on the slagging or 
sintering hearth immediately before dropping the charge. In 
this way very little is carried away by the draught, but there is 
a considerable loss of lead by volatilisation. 

At Mazzaron (Spain) the flue-dust is bricked with fine galena, 
lime, and a little sand, before being added to the charge on 
the last hearth of the reverberatory roasting furnace; the object 
being to still further diminish the mechanical loss in charging 
and mixing. 

At the Glohe Works a small separate reverberatory is used for 
melting down flue-dust, the fumes being all collected and filtered 
in the bag house. A very good slagged product is made, but the 
loss of lead (25 per cent.) would be prohibitive, were it not for 
the advantage of being able to save it all by filtering. 

On the whole, this method must be regarded as decidedly 
preferable to bricking, for, in the latter method, not only is there 
the mechanical loss from the bricks crushing under pressure, but 
also a considerable volatilisation loss caused by reduction of 
metallic lead high up in the furnace through intimate contact of 
its oxide with carbonaceous particles in the flue-dust. In the 

* Private Communication, May, 1896. 
^Modern Oopper Smelting, 7th ed., 1895, p. 357. 
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fusion hearth this carbonaceous matter is partly burnt direct 
and partly consumed by FojOg in roasted ore. 

Flue dust is in most cases combustible, smouldering readily 
on ignition, a property due in some cases to the presence of finely 
disseminated carbonaceous particles, but more often to finely 
divided sulphides, especially PbS. The flue-dust caught in the 
lead works at Cartagena (Spain) * is ignited in the flue before 
withdrawal, forming adherent crusts. Analyses of both the 
crude and the calcined product are given in Table XXXI. 
Ignition is adopted at many other places, and, in particular, the 
fume recovered by bag filtering processes is always ignited on 
the floor of the bag house before removal, or in a separate 
chamber, thus forming a crisp cinder suitable for the furnaces. 



CHAPTER XIII. 
COSTS AND LOSSES— PURCHASE OF ORES. 

Costs of Working. — The cost of smelting lead ores varies very 
greatly, the principal factors which afiect it being : — 

1. The chemical composition of the ore, its physical condition 
(coarse or fine), and its richness or poverty in lead. 

2. The cost of labour at the smelting centre. 

3. The cost of fuel and fluxes delivered at the works. 

4. The cost of refining locally, or of getting the product to a. 
refining works at a distance. 

Taking the case of a so-called "neutral" or self-fluxing ore, 
in which the percentages of silica and of iron are equal, with 
sufficient lead (10 per cent.), and not over 4 or 5 per cent, of 
sulphur, so that it can be smelted without roasting, the custom 
at the large works in Denver and Pueblo is to reckon $4.50 per 
ton of 2000 lbs. as the bare cost of treatment. 

Labour.— Each furnace of from 33 by 84 inches up to 42 by 
140 inches requires per twenty-four hours the following staff': — 
Three feeders and furnace-keepers (8-hour shifts), four charge 
wheelers and four to six slag pullers (12-hour shifts), as well as 
four to eight labourers on the dump, sorting slag, (fee. 

The regular wages in Denver are — Furnacemen, enginemen, 
and foremen, |3 to |4 (12s. 6d. to 16s. 8d.) per day of twelve 
hours; feeders, wheelers, &c., |2.50 (10s. 5d.) per day of twelve 
hours ; labourers, 11.75 (7s. 3d.) per day of ten hours. Coke 
cost $6 to $7 (29s.) per ton ; limestone, with 50 per cent, excess 
CaO, $1.25 (5s. 3d) per ton; iron ore, with 70 per cent, excess 
• Sanchez y Massia, Metalurgia del Plomo, Madrid, 1894, p. 293. 
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FeO, |5 (20s. lOd.) per ton; and coal (slack) for boiler fuel, $1.50 
(6s. 3d.) per ton. At these prices the cost of smelting on a large 
scale (say, 400 tons per day and upwards) will be nearly as above 
stated, the items being as follows : — * 

Labour, 

General expenses, assaying, and management, 
Puel for power, ...... 

Coke (15 per cent, on ore charge), 
, liimestone, say three-tenths ton. 
Interest, depreciation, and repairs, 

Total, 

At Leadville and in Salt Lake City the prices of fuel and 
labour are higher, so that $6, or, say, 25s., is often reckoned as 
the cost of smelting an ore which has not to be roasted. 

At Brokm Bill, Jff.S. W., coke costs 57s. 6d. to £3 per ton ; 
limestone flux (92 per cent. CaCOg), 14s. ; iron flux, with 10 per 
<!ent. SiOj, 22s. 6d. ; and common labour, 8s. per day for 8-hour 
shifts. No details as to smelting costs are published by the 
Proprietary Company, but from data given in the annual reports 
it may be calculated that the cost is somewhat as follows : — 
Labour and superintendence, 6s. 3d. per ton ; flux, 4s. 6d. ; coke 
( 12J per cent, of charge = 22-7 per cent, of ore), 13s. 3d. ; making 
A total of 24s. per ton ; to which has to be added, say, 6d. per 
ton for power (blowing and pumping), and, perhaps, Is for 
depreciation of plant, repairs, and replacement ; so that the total 
cost cannot be less than about 26s. per ton. At Port Pirie the 
<;ost is, of course, lower, owing to the lower prices of coke and 
fluxes, but then the cost of railway transit on the ore must be 
added, so that the total expenses cannot be much less. 

C. Henrich t gives $7.03 (29s. 3id.) as the cost of smelting in 
a single furnace, 33 by 84 inches, at the rate of 48 tons per day, 
an ore requiring one-third of its weight of limestone flux, 
costing 12s. 6d. per ton, with 18 per cent, of coke, costing £1 
per ton. 

At some places, owing to cheaper labour and fuel, the total 
cost is much lower than this ; while at others, where fuel is 
•dearer, the cost is higher. It should be borne in mind when 
statements are made as to exceptionally low costs that frequently 
the " cost of smelting " is put down at the bare figures for labour, 
fuel, and fluxes alone, without any allowance for power required, 
for general expenses of management, or for repairs, interest, and 
depreciation. 

The above figures refer to the smelting of ores which require 
no roasting. The cost of roasting at Denver or Pueblo varies 

* Furman, iS. oj M. Q., vol. xv., p. 3. 

+ Quoted by Eraser & Chalmers in their catalogue. 
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from $1 (4s. 2d.) in automatic furnaces up to from $1.50 to $2 
(8s. 4d.) in the ordinary hand furnaces, but to these figures 
something must be added for re-treating flue dust, and on account 
of the sulphur left in the ore, which forms matte, and so adds to 
the expense of treatment. When ores have to be fused, the 
average cost may be reckoned at not under 10s. 6d. per ton 
under Colorado conditions. The total cost of treatment in the 
case of a neutral sulphide ore which requires roasting will thus 
be brought up to a total of $7 (29s. 2d.) at Colorado prices. 

Smelting Charges. — The cost of smelting an ore is largely 
influenced by its chemical composition ; in calculating the actual 
cost on any particular ore a certain amount per ton is credited 
or debited for each per cent, (unit) of various constituents. 
Thus in Colorado and other Western American centres, the 
following are the average values adopted : — * 



Silica, per unit, 

Iron and manganese, per unit, . 

Lime, per unit, 

Magnesia and baryta, when under 10 per cent.. 

Zinc, per unit, 

Barium sulphate, over 10 per cent., per unit. 

Arsenic, per unit, 

Sulphur (if no charge is made for roasting), 



Debit. 

Cents. 

10 to 15 



30 to 50+ 

5 

50 

15 



Credit. 
Cents. 

10 to 15 

6 to 10 

as lime. 



Taking, for example, the case of an ore containing :- 



aiOj. 
u 



Fe. 
6 



CaO. 
8 



Zn. 

7 



BaSO«. 
24 



Mn. 
4 



S. 
10 



Ag. 
60 oz. 



Au. 
0-2 oz. 



Pb. 

21 per cent. 



the bare cost of treatment would be calculated by the smelter 
as a basis for purchase somewhat as follows : — 



Silica excess over 

iron, 14-6 per cent. = 8 per cent, at 15 cents, 
Manganese, . . 4 ,, ,,15 

Lime,. . . . 8 „ „ 10 

Zinc 7 „ „ 30 

BaS04, ... 24 „ „ 5 

Sulphur, . . . 10 ,, „ 15 

Ordinary smelting cost per ton, . 
Balance, being nett cost of treatment, . 



Debit. 
$1.20 



2.10 
1.20 
1.50 
4.50 



Credit. 



60 
80 



10 



$10.50 $10.50 



The above |9.10 is the actual cost at the works, to which 
must be added a certain amount for profit ; usually $7 instead 

*v. Furman, loc. cit.; Hofman, op. cit., p. 74; Brunton, "Correspondence 
on Smelting Prooesaes," Proc. Inst. Civ. Eng., vol. oxiv., part ii. 

+ Frequently under 8 per cent, of zinc goes free ; over 8 per cent, the 
«ntire contents are charged for at 50 cents per unit. 
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of $4.50 per ton ia the basis rate calculated to cover profit and 
smelting losses as -well as bare cost. 

Some ores in special demand are, however, purchased by the 
smelting works on terms much more favourable to the producer. 
Thus, the gold bearing pyrites concentrates of Gilpin County, 
Colorado, containing under 10 per cent. SiOj, were for a long 
time eagerly purchased by Denver smelters at a smelting rate 
of $2.25 per ton, which barely covers the cost of roasting ;* and 
95 per cent, of both gold and silver contents are paid for at New 
York prices. 

Losses. — The losses in smelting are — (1) In slag thrown 
away ; (2) in flue dust and fume incompletely recovered ; (3) in 
bye-products, matte, speiss, flue-dust, &c., which sufl^er further 
treatment losses before they can be brought into a marketable 
condition. 

When producing a lead bullion of about 300 ozs. Ag per ton, 
perfectly clean slags will run as low as ^ per cent, lead by dry 
assay and ^ oz. silver to the ton ; the general average, however, 
in fairly good work is probably not much under 1 per cent, lead 
and ^ oz. silver, while carelessness in working up the charges or 
neglect on the part of the furnace foreman may easily result in 
the production of slags which separate imperfectly from matte 
and contain 2 per cent, lead and 1^ ozs. of silver ; especially if 
the ore. be somewhat rich in lead, and the furnace one of the 
old type with comparatively low column of charge and pressure 
of blast. 

In some cases, where fuel and flux are dear (as, for example, 
at Broken Hill, N.S.W.); or where the ore charge is very rich 
in zinc, it may even be better policy to throw away slags 
containing 3 or 4 per cent, lead than to attempt to clean them 
by a further expensive consumption of fuel, and the addition of 
barren fluxes, with the attendant reduction of furnace capacity to 
which they give rise. The average percentage loss of silver and 
lead in slags on a charge containing 10 per cent, lead and 30 ozs. 
silver may be reckoned at not much less than 10 per cent, of the 
lead and 1 per cent, of the silver as calculated by the results of 
the commercial uncorrected dry assays, which are, as has been 
shown, far below the truth. 

With regard to slag losses, it is desirable to bear in mind 
that losses which would be intolerable at Swansea, at Freiberg,, 
or at Denver, may actually indicate the best possible practice 
in remote parts of the west, in the wilds of Mexico, or in 
South America. The object of the metallurgist should be to 
make the largest possible profit per ton of ore treated, and if it 
is more profitable to produce a slag with 6 per cent, lead and 
4 ozs. silver per ton than to flux the charge in such a way as to 
make a cleaner slag, as is the case to-day in parts of Central and 
* The rate has been recently raised by $1 to $2 per ton. 
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Southern America, then the foul slag is the proper slag to make. 
As Lang puts it,* " It is always pecuniary profit, and not the 
perfection of processes, which is the criterion of metallurgical 
fitness." 

With regard to the loss in uncondensed fume there is room 
for more doubt, and the real loss is always much greater than 
the apparent loss shown by the ordinary dry assays for lead and 
silver. In connection with this matter, reference should be 
made to Chapter ii., in which is recorded the fact that tlie 
ordinary dry assay for silver gives results which, in the case of 
a mixture of ordinary ores containing from 5 to 100 ozs. and 
averaging about 50 ozs., are below the truth to the extent of 
7 or 8 per cent, of the total present; while the dry assay for lead 
with an ore mixture of 12 per cent, is on the average low to a 
greater extent, probably 10 or 12 per cent, of the total present. 
The real loss in uncondensed flue-dust is, therefore, as has been 
pointed out among others by Egleston,t much greater than it 
is usually supposed to be. 

According to Hofman, J the total apparent loss of lead in good 
work is 7 per cent., though it not uncommonly reaches twice 
this amount (corresponding with real total losses of 15 and 23 
per cent, respectively). As regards the total apparent loss of 
silver, Hofman says it "rarely reaches 5 per cent.," which would 
indeed be quite an outside figure. That the real loss of silver 
is, however, much greater than that shown by assay, is proved 
by the fact that at some establishments the silver produced is 
more than that shown by the assays which have served as a 
basis for purchase. This, however, does not so much indicate 
perfection in the smelting as imperfection or bias in the 
assaying. As regards the loss of lead in uncondensed fuine,. 
which is so much greater than the corresponding loss of silver, 
a large proportion could be saved by filtering appliances, but in 
many places it would hardly pay to use them. 

The following table shows the apparent percentages of silver 
and lead obtained from the ore at various metallurgical works, 
as admitted by the furnace managers. 

Keen competition among smelters in America has led to- 
greater care in assaying, American assay ers commonly cupelling 
at a lower temperature than their confreres in Europe, with the 
object of partially compensating for the cupel loss, and so getting 
a nearer approximation to the truth. It is to this cause that 
the apparently higher loss of silver in American works should 
undoubtedly be attributed. 

* Matte Smelting, New York, 1896, p. 72. 
t Trans. A.I.M.E., vol. xi., p. 379. 
t Op. dt., p. 293. 
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TABLE XXXII. — Apparent Percentage Yield op Silver 

AND Lead. 





Pontgibaiid, 


Clansthal, 


El Paso, 


Average good 




1874. 


1887. 


1892. 


Work, 1897. 




(1). 


(2). 


(3). 


(4). 


Lead. 
40°/. 


Silver. 


Lead. 


SUver. 


Lead. 


SUver. 


Lead. 


Silver. 


Grade of ore treated, . 


96 ozs. 


50 7 . 


23 ozs. 


13 7o- 


40 ozs. 


117,. 




Percentage yield :— 


















In work lead, 


S()-()4 


102-28 


1 




|81-2 


86-9 






In foul slags, . 


2-04 


0-66 


180-92 


87-01 






In flue-dust, . 


3-67 


0-56 


1 




5-0 


2-6 






In matte, 






10-14 


13-22 


3-8 


7-5 






Total yield, 


85-75 


103-5 


91-06 


100-23 


90-0 


97-0 


90-0 


98-5 


Loss or gain on com- 


- 1 + 


- 


+ 


- 


- 


_ 


- 


mercial assays, 


14-25 3-5 


8-94 


0-23 


10-0 


3-0 


10-0 


1-5 



Beferences. — 1. Phillips, Elements of Metallurgy, 1874, p. 563. 2. 
Schnabel, Handbuch der Metallhuttenhmde, vol. i., p. 407. 3 and 4. 
Private notes. 



Piirchase of Ores — Western Smelters' Sliding Scale. — The 
system of ore-purchase varies greatly in accordance -with local 
conditions and local customs ; but the schedules in use through- 
out the Western States of America are typical and may 
be described in detail as capable of almost universal applica- 
tion -with slight modifications. All the assays are uncorrected 
dry assays, and the basis of the calculation is the assumed mean 
price of lead in Ne-w^ York ($4 per 100 lbs. = about £9, 10s. per 
ton in England). At this price for lead, ores are bought accord- 
ing to the following scale : — 



Under 5 per cent, lead 

5 per cent, and under 10 per cent. 

10 „ „ 20 

20 „ „ 30 „ 

30 „ „ 40 „ 

40 „ „ 50 „ 

50 , , and over 



at nothing. 

,, 25 cents per unit of 20 lbs. 

„ 35 

„ 40 

„ 45 

„ 50 

„ 55 



The gross value of a 50 cent lead ore at the price of $4 per 
100 lbs. is 80 cents per unit, but the smelter retains 25 cents 
per unit (or £,f>, 4s. 2d. per ton) to cover smelting losses, refining 
charges, and freight to Eastern markets. It is obvious that 
these losses and charges will be greater in proportion on the 
poorer ores ; hence the above scaler. It is further provided that 
for every 5 cent per 100 lbs. fluctuation in the New York price 
of lead an allowance shall be mad? of 1 cent per unit in the 
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«bove scale up or down. When lead ores are scarce the above 
scale is modified, sometimes to the extent of paying 50 cents per 
unit on everything over 20 per cent, in the case of good carbon- 
ate ores which are very much in demand. 

As to silver, 95 per cent, of the assay contents of all ores is 
paid for at New York quotations on the day of settlement, 
which means that lead ores have to pay the bulk of the refining 
■charges on the silver of the dry ores. Gold is paid for without 
deductions at $19, or now usually $20 per oz. fine, which is 
96-6 per cent, of the full Mint value (|20.67 per oz.). 

As a rule, copper is not paid for in lead ores, but of late years 
competition has forced some of the smelters to pay for this metal 
when over 5 per cent., at about $1.20 or |1.30 per unit, which 
is something like one-half of its gross value. 

As an example, the value of the ore already quoted a few 
pages back may be calculated according to the above schedule : — 

Lead, 21 units at 40 cents per unit, . . . . $8.40 
Silver, 95 per cent, of 60 ozs. = 57 ozs. at, say, 66 J cents, 37.90 
Gold, xiT oz. at $20, . 4.00 

$50.30 

The true cost of smelting the above ore having been already 
-ascertained to be $9.10 per ton, the smelter would probably 
quote a "treatment charge" of $12 per ton, and the price at 
which the ore was purchased would be : — 

Gross value per ton as above, . . , $50. 30 
Treatment charge 12.00 

Net value per ton, $38.30 

The smelters' profit may vary from $1 to $3 per ton, 
.according to the nature of the ore and the amount of com- 
petition for that class of ore at the moment ; thus carbonate 
lead ores with ferruginous gangue are frequently treated without 
charge, or even sometimes at a positive loss, which is made up 
by increasing the treatment charge on the dry ores. 

As a rule, throughout the Western States outside of Colorado, 
no attempt is made to calculate the actual cost of treatment of 
true lead ores at the particular locality; but, in order to prevent 
ores from being shipped to Colorado, it is customary to take as 
the normal smelting charge the Denver or Pueblo raAe plus the 
cost of transit to either of these points, when a small deduction 
will turn the scale and prevent ores being shipped away from 
local works. 
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CHAPTER XIV. 

THE TREATMENT OF ZINC-LEAD SULPHIDES. 

Reference has been made in Chapter viii. to tlie difficulty of 
treating, by the ordinary roast and reduction process, such 
argentiferous lead ores as contain 20 per cent, and upwards of 
zinc, except by diluting or smothering them with an admixture 
of purer ores. The object of almost all attempts at treating such 
material has been to remove the zinc in solution so as to smelt 
the plumbiferous residue more easily and with less loss. 

ConoentratiDn.^It is probable that very few, if any, of the 
zinc-lead sulphide ores contain galena and blende so intimately 
mixed as put them entirely beyond the reach of the ordinary dress- 
ing processes to separate a notable proportion of the galena in a 
condition suitable for smelting. Concentration, therefore, should 
always be the first step in the treatment of such ores ; unfortu- 
nately, however, not only is a large amount of "middlings" pro- 
duced, which it is quite beyond the power of ordinary dressing 
machinery to separate, but there is a great loss of both lead and 
silver in fine shmes, the whole of which have, therefore, to be 
carefully settled. and collected for smelting. 

Concentration at' Broken Hill. — As regards Broken Hill 
sulphides, the dressing plant is generally arranged much on the 
lines familiar in European and American practice, except that 
the crushing is not so fine ; that the slime treatment is quite 
insignificant owing to the fact that the slimes are, in any case, 
so rich in silver as to be worth collection and smelting ; and 
that a small number of very large jigs, treating practically 
unsized pulp, are found to do quite as perfect and more econo- 
mical work than the large number of small jigs working on 
carefully classified sizes which have been the characteristic of 
German and American practice. 

Thus the concentrating plant of the Broken Hill Block IJ/. Co., 
the capacity of which is 2500 tons per week, consists of two 
Blake jaw-crushers, each followed by a pair of rolls, 33 inches 
diameter and 20 inches face, crushing through 10-niesh with the 
help of a stream of water, any coarse particles being separated 
by a trommel and returned to the rolls by an elevator. From 
the rolls the pulp passes -without classification to four large jigs 
of the " Hancock percussion " pattern, the hutches of which are 
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25 feet long by 4 feet 6 inches wide, and the moving shaking 
sieves 20 feet long by 3 feet 3 inches wide. The galena from the 
first hutches of these jigs is very clean, and the tailings are 
sufficiently low in lead and silver to be at present rejected as not 
worth further handling, though, no doubt, they will be valuable 
at some future date. 

, The middlings from the first series of jigs pass over a second 
series of smaller jigs of the same pattern, which yield a second 
concentrate not quite so rich in lead as that from the first jigs 
and a somewhat richer tailings. The slimes are passed over 
convex round tables which save some of the coarser particles of 
suspended galena ; the finer slimes are collected in suitable 
settling tanks and slime-dams and smelted together with the 
•concentrates. 

The original ore treated by the Block 14 Mill varies a good 
deal in composition, but averages 22 per cent. Pb, 16 per cent. 
jZn, and 13 ozs. Ag per ton. The products are : — * 





Lead. 


Zinc. 


Silver. 


First grade concentrates, 
Second „ ,, 
Middlings, .... 
Tailings, .... 
Fine slimes, .... 


Per cent. 
60 to 70 
45 „ 55 
12 „ 14 
3 „ 7 
30 „ 35 


Per cent. 

8 to 10 
15 „ 20 
30 „ 37 

8 „ 12 
15 „ 25 


Ozs. per ton. 
25 to 30 
20 „ 25 
10 „ 15 
3 „ 8 
20 „ 25 



As a rule, it takes from 3J to 4J tons of ore to produce 1 ton of 
concentrates, and the ore yields 10 per cent, of fine slimes. The 
total cost of concentrating and handling is 2s. 7d. per ton. 
; Of the above products No. 1 is at present shipped to England, 
Nos. 2 and 5 are shipped to the company's smelting works at 
Port Adelaide to be roasted and smelted in blast furnaces ; t No. 
4 is for the present rejected entirely, great part being hoisted up 
an incline and shot down an old shaft for filling underground. 
As to the middlings they are at present being stacked pending a 
decision as to the most satisfactory way of treating them. Some 
cargoes have been already re-jigged up to 37 per cent. Zn and 
sold in Europe to the spelter works as low grade blendic ore, but 
it is probable that arrangements will be eventually made for 
-dealing with them in Australia. 

Smelting of Concentrates. — The smelting of fine concentrates 
After roasting in blast furnaces is accompanied by various incon- 
veniences and by considerable losses in foul slags and flue dust, 
•frhich can only be reduced by employing a very large amount of 

* Information supplied through the kindness of the manager, T. J. 
Oreenway. 

fv. Chapter xi., where the practice is described at length. 
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lump ore. The author has suggested * that a more economical 
method of handling these concentrates with less loss of lead, and 
especially of silver, -would be a modification of the roast-reaction 
process carried out at some point where cheap coal was attain- 
able. The proposed method consists in roasting as thoroughly 
as convenient a certain proportion, say three-fifths, of the 
material to be treated and charging it while still red hot from 
the roaster, together with the remaining two-fifths of unroasted 
concentrates, into a reverberatory furnace of large size built like 
a softening furnace inside a wrought-iron tank, to hold the bath 
of lead, which would remain permanently in the bottom of the- 
furnace, like the bath of matte in modern copper smelting 
reverberatories. Reaction wouM take place on rabbling the 
charge, and, after a short settling, the slag would be skimmed 
and set aside for smelting in the blast furnace together with 
ferruginous, coppery, antimonial, arsenical, and other mixed 
ores of the precious metals, the usual fluxes being employed 
according to the composition of the ore mixture. This modi- 
fication of existing methods demands cheap coal and, in order to 
get the full advantage of it where lead is dear, some fume-filtering- 
appliance for the furnace fumes. 

Treatment of Zinc Middlings. — It is probable that first- 
grade lead concentrates will always be treated by smelting, and 
the so-called " sulphide problem " (that is, the problem of 
treating zinc-lead sulphides poor in silver) resolves itself into- 
the question of treating "middlings" with 12 to 20 per cent. 
Pb, 30 to 35 per cent. Zn, and 10 to 15 ozs. Ag; and " slimes " 
with 30 to 35 per cent. Pb, 15 to 25 per cent. Zn, and 20 to 
25 ozs. Ag. 

The processes proposed (most of which have been designed for 
the treatment of original ores direct without any concentration) 
are very numerous,! but it will only be necessary to describe here- 
those which appear to have offered some approach to commercial 
practicability. They may be conveniently considered under the 
following heads, viz. : — A, Dry Methods; B, Chemical Methods;. 
C, Electrolytic Methods. 



A. DHY METHODS. 

1. Distillation Processes. — The ore mixed with a reducing 
agent is charged into vertical or inclined retorts and distilled 
upwards, leaving lead and other metals in the residue. This 
method is adopted on a large scale at Freiberg, but is too- 
expensive as regards labour, fuel, and retorts to be available at 

* Trans. Australian Inst, of Mining Engineers, vol. iv., 1897. 
t V. Hofman, op. cit., p. 147, et seq. ; Schnabel, op. cit., p. 329 ; Emmens^ 
Min. Ind., vol. i., pp. 316, et seq. ; vol. iii., p. 432. 
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most other smelting centres, as, for example, those of the United 
States, Australia, or Mexico. 

The process proposed by Hunicke* — viz., pre-heating the ore 
and coke, and then charging them into a blast furnace — has not 
hitherto come into practical use, though it appears to contain 
a germ of possible future utility. 

2. Bartlett's Process.t — Various air-blast processes have 
been proposed, but that here described in use at Canon City, 
Colo., is the only one which has been really successful. The 
ores treated are the mixed blende-galena ores rejected by 
Denver smelters, and, though varying widely in composition, 
average Zn 30 per cent., Pb 8 per cent., Cu 1 to 2 per cent., 
Fe 10 to 20 per cent., SiOj 12 to 20 per cent., Ag 10 to 20 ozs. 
per ton, Au, say, ^^ oz. per ton. The process consists of two 
stages, besides the subsequent treatment of the fume. 

In the Jlrst stage, the ore, crushed to pea size or smaller, is 
mixed with 75 per cent, of its weight of fine coal in a tube with 
a worm screw. It is then moistened, and in charges of 600 lbs. 
is "blown up" in a perforated cast-iron grate, the thickness of 
the layer being about 4 inches, and the pressure of air employed 
about 2 ozs. The charge is not stirred in any way, and during 
oxidation it, to some extent, sinters together. Complete elimin- 
ation of sulphur is not aimed at, and the blast is always stopped 
when 10 per cent, of this element still remains in the residue, 
as otherwise the loss of silver by volatilisation would be too 
great. When As, Sb, Se, or Te are present, the loss of silver 
is considerable, but in the absence of all these elements com- 
paratively little silver is carried away by the blast. 

The fume is condensed in bags arranged similarly to those 
described and figured in Chapter v. in connection with the 
" Lewis and Bartlett process." It contains sulphides, sulphites, 
and sulphates of both lead and zinc, as well as traces of other 
elements ; it is roasted with free access of air in a long tube in 
which a worm screw is kept moving, by which means traces of 
carbon as well as of arsenic, antimony, mercury, selenium, 
cadmium, and other elements are driven off, and the resulting 
dense white compound, containing 55 to 60 per cent, zinc oxide 
and 35 to 40 per cent, of basic lead sulphate with 4 to 5 ozs. 
silver per ton, is ground and sold as white lead substitute. 

In the second stage the cinder or semi-scoriaceous residue 
resulting from the blowing up, and containing still ZnS 1 2 to 
15 per cent., Pb 1 per cent., Cu 1 to 2 per cent., Ag 10 to 
20 ozs., the balance being chiefly iron oxide and silicate with 
some FeS and free SiOg, is smelted in the Bartlett blast furnace, 
together with any plumbiferous or zinciferous copper ores 

*E. and M. J., Dee. 24, 1892; Sept. 15, 1894. 

\Colo. S. S. M. Sci. Q., vol. ii., p. 1; also E. and M. J., Oct. 7 and 
Dec. 9, 1893. 
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■W^hjch in?i,y be obtainable at a cheap rate, and 5 per cent, 
of lime, iron ore being also added when the mixture is 
too siliceous. The Bartlett furnace is peculiar in having two 
rows of small tuyeres, one about 10 inches above the other; 
the lower tuyeres, directed downwards, serve to scorify 
the molten bath immediately below their level, while the 
upper row is directed upwards, with the object of driving 
the heat up and preventing the condensation of zinc in the 
upper part of the furnace. The furnace is run hot with a low 
column, a powerful blast, and a comparatively siliceous slag 
j(35 to 42 per cent.), so as not to carry away the zinc into the 
slag; but rather to volatilise as much as possible of the 
remaining zinc contents of the mixture amounting to from 
,12 to 20 per cent., as well as whatever lead may be present. 
The resulting slag contains 2 to 7 per cent, zinc and f oz. silver 
per ton ; but is practically free from lead and gold. The matte 
produced contains 30 to 40 per cent. Cu, 2 to 4 per cent. Zn, 
75 to 200 ozs. per ton silver, and i to 1^ oz. gold. The fumes 
from the blast furnace, after settling out the coarse dust, are 
forced through a bag house similar to that used for the fumes 
from the blowing-up hearth. 

The cost of treatment at Canon City is given at $6 (25s.) per 
short ton, with coke at 21s. and slack coal at 2s. per ton. 
The loss of silver does not average more than 2 ozs. per ton, 
or, say, 15 per cent, of the total present in these low-grade 
ores; gold and copper usually show a slight plus — not, however, 
because there is no loss, but on account of traces of both metals 
in some of the ores not being reckoned or paid for ; the maximum 
loss of copper is thus reduced to less than ^ per cent., and even 
that of zinc is under 7 per cent. The greatest drawback to the 
process is the limited sale of the high-class pigment produced ; 
according to Bartlett,* 50 tons per day (produced from 200 tons 
of ore) is the maximum which the American trade will absorb. 

3. The Burnham Syndicate Process. — This process, founded 
on the patents of Fry, Angell, and Ellershausen, consists in its 
latest form of smelting the mixed sulphide ore in ordinary lead 
furnaces, together with certain proportions (perhaps one-fourth) 
of oxide of iron and salt cake. The salt cake is presumed to be 
transformed in the furnace into caustic soda, which then, to- 
gether with more iron oxide, acts upon the sulphide of zinc, and 
carries away the zinc into the slag, the iron combining chiefly 
with sulphur to form matte, while the lead is reduced to metal. 
It is obvious that the addition of so powerful a base as soda 
will assist the zinc in becoming slagged together with the other 
bases, but highly probable that the advantage obtained will be 
insufficient to compensate for the increased cost. One more 

* Colo. 8. 8. M. 8ci. Q., vol. ii.. No. 1. 
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dra-wback to the process is the comparatively large quantity 
of low-grade iron matte produced, which would undoubtedly 
carry away some silver and copper without being rich enough 
to pay for re-treatment. 



B. CHEMICAL METHODS. 

,: 1. The Grimm Process.* — This oldest and simplest of all 
•wet processes, first tried by Grimm at Przibram, is still in use 
at Goslar (Harz) for treating the Rammelsberg ores. The ore 
mixture contains 27i to 30 per cent, blende, 9 to 12 per cent, 
galena, 1 to If per cent, chalcopyrite, 8 to 12 per cent, pyrites, 
45 to 49 per cent, gangue, chiefly barytes and schist, t and is 
roasted in heaps several times. After roasting, the fines (which 
alone are lixiviated, the lump ore being smelted direct) contain 
ZnO 28 per cent., PbO 10 per cent., FejOg 13J per cent., CuO 
0-9 per cent., BaSO^ 24 per cent., CaO, MgO, and AljOg 5 per 
cent., and SO3 16 per cent. They are charged, 1 ton or more 
at a time, into revolving cylinders or drums 4 feet long and 
3 feet diameter, made of boiler plate with cast-iron ends, and 
there leached three or four times. The first two washings are 
with still hot weak liquors from a previous charge, and when 
drawn off th«y have densities of 50" B. and 20° B. respectively; 
two further washings are then given with hot water. 

The first two washings ai-e heated to boiling and allowed to 
stand for a week in large lead-lined pans ; after which time 
almost all the iron has crystallised out as a basic salt, together 
•with much gypsum. The clear liquors are concentrated in 
boiling pans to 50° B., and either drawn off to crystallisers, in 
which the zinc sulphate separates out, or to tanks in which they 
are precipitated with barium sulphide, obtained by reducing the 
barytes, which is a common gangue in the district. A double 
decomposition results with formation of two insoluble precipitates 
^ — viz., zinc sulphide and barium sulphate. The mixture is run 
through filter presses, dried, calcined, and, after grinding, is sold 
as a white pigment of fair covering power under the name of 
"lithopon." 

A modification of this process for preparing a mixed white 
pigment is that of Cowley, J according to which ^ to IJ per cent, 
each of freshly prepared magnesia and finely pulverised salt are 
Added to the mixed precipitate sludge before filtration. The 
dried precipitate is further mixed with 3 per cent, of ammonium 
chloride before ignition or calcination. The colour prepared in 

" V. Schnabel, Handbuch der Metallhuttenhunde, vol. i., p, 327 ; also 
Kerl in Min. hid., vol iv., 1895, p. 83. 
tFor deUils v. Table XIX., No. 4, p. 125. 
X Chem. News, 1891, pp. 63 ?fld 68. 
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this way does not darken after long exposure to sunlight or tO' 
sulphuretted gases. 

2. The Parnell Process. — This ingenious process was ia 
operation at Llansamlet, near Swansea, from 1879 to 1883, but 
was commercially unsuccessful, owing, however, in part to causes- 
quite independent of its merits. It comprised the following 
operations : — (1) Boasting at a dull red heat ; (2) leaching with 
water to dissolve ZnSO^ ; (3) heating in revolving lead-lined 
cast-iron pans with chamber sulphuric acid to dissolve ZnO j 
(4) leaching again with water to dissolve out ZnSO^; (5) mixing 
the sulphate solutions and passing over scrap iron to precipitate 
any copper present ; (6) evaporating to a paste, and stirring in 
powdered blende in the proportion of one-fifth by weight of 
the ZnSO^; and (7) calcining in a muffle, whereby the following 
reaction took place — • 

3ZnS04 + ZnS = 4ZnO + iSOj. 

The ZnO was sold to zinc smelters, the SOj from the muffle 
calciner, together with that from the ore roaster, was passed 
into lead chambers and converted into sulphuric acid. The 
leached residue after drying formed a readily saleable lead-silver 
concentrate sold to smelters. The losses of lead and silver are 
supposed to have been about 4 per cent., and that of zinc about 
20 per cent, of the assay values. 

The modification of , this process, patented by Myalls and 
"Wyatt,* consists in dividing the mixed solution from the water 
and sulphuric acid leaches into three-fourths, which are evapor- 
ated to dryness, yielding zinc sulphate; and one-fourth, in 
which the zinc is precipitated by means of alkaline sulphide. 
The sulphate and sulphide are then mixed and heated in a 
muffle. 

3. The Ashcroft Zinc Oxide Process. — This process pro- 
poses to leach out the roasted ore with sulphuric acid as usual, 
to concentrate the zinc sulphate solution down to about 200 
grms. Zn per litre, and then to add to it (instead of zinc sulphide, 
as in the Parnell and Wyatt processes) ZnO, in the proportion 
of two and a-half parts ZnO to one part ZnSO^ present. This- 
produces a basic zinc sulphate which is easily dried, and which 
is then heated in Hasenclever or other muffle furnaces to a full 
red heat, when it decomposes, yielding SO3 and SO, in a highly 
concentrated form, which pass to lead chambers for conversion 
into HjSO^. Of the zinc oxide produced, one-third only is avail- 
able for sale, the remaining two-thirds going back to form basic 
salt with a fresh portion of zinc sulphate. The large amount of 
material which has to be re-treated forms the principal draw- 
back to this neat process. 

* Min. Ind, , vol. iii. , p. 432. 
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4. The West Process.* — Several hundred tons of mixed sul- 
phide ores were treated by this process during 1889-90 at 
Thomasville, N.C. ; but although the recovery of precious metals 
was practically complete, and the losses of lead and zinc only 20 
per cent, and 30 per cent, respectively, the process was not a 
success under the conditions prevailing, which included an ex- 
perimental and improved plant not well suited to the process. 
The following was the sequence of operations — (1) Roasting in a 
reverberatory ; (2) cooling and wetting down, charging into- 
false-bottomed tanks upon a layer of pebbles ; (3) forcing the 
gases from the roasting furnace, together with a jet of steam, 
through the ore in the tank by means of a powerful blower for 
from six to twelve hours, by which means the zinc oxide present 
was eventually changed into sulphate ; (4) removing the ore to 
leaching vats and leaching with water ; (5) precipitating the 
zinc from the neutral solution as hydrate by means of gaseous 
ammonia generated in stills by the action of caustic lime upon 
ammonium sulphate; and (6) regenerating the ammonia from the 
solution after precipitation of the zinc, by heating it with lime 
in the stills aforesaid. 

The leached residue, containing all the precious metals and 
practically all the lead and iron of the original ore, was dried 
above the roasting furnace, and was then sold to lead smelters. 

5. The Storer Process. — This ingenious process, which it 
was proposed to employ at the Illawarra Works of the Smelting 
Company of Australia, consists briefly in roasting, leaching out 
the zinc sulphate with dilute acid, peroxidising any iron present, 
filtering and then precipitating the zinc by means of calcined 
magnesite as a hydrate, which is run through a filter press and 
then calcined to oxide. The magnesium sulphate mother liquors 
are evaporated to dryness and calcined at a red heat, regener- 
ating magnesia, which is used over again for precipitating 
another tankful of zinc sulphate solution. The sulphuric acid 
vapours given off from the calcining furnace are condensed and 
used for leaching out the roasted ore, thus making the process 
regenerative, both as to solvent and precipitant. 

6. The Schnatael Process. t — This involves roasting the ore 
at a cherry-red heat, with the object of converting the zinc into 
oxide, which is then dissolved by a solution of ammonium carbon- 
ate. It has never been tried on a commercial scale, and could 
not, I think, be made to pay on account of the cost of the plant, 
and of the manipulations necessary. 

Other processes based upon the sulphatisation of the zinc and 
its removal are those of Croselmire J and Emmens. § 

* Abu. Proc. Inst. Civ. Eng., vol. olv., p. 407. 
■ + V. Chap, xvii., where it is described as employed for the treatment of 
zinc crusts ; also Schnabel, ^andfe. der Metallhuttenkunde, vol. i., p. 564. 

t E. and M. J. , Sept. 29, 1888 ; Feb. 9, 1889. § Min. Ind. , vol. iii. , p. 431. 
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7. The Spence process, unlike the foregoing, aimed at the 
separation of the lead, leaving the blende unaltered, together 
with the precious metals. It consisted in acting upon the 
finely powdered raw ore with hydrochloric acid, which dissolves 
galena before it attacks blende. The lead chloride was dissolved 
out by hot water and the lead precipitated from it by calcium 
carbonate, while the lead-free blende (carrying still all the 
precious metal contents of the ore) was roasted and distilled for 
ainc in the ordinary way, the residues being returned to the 
silver smelters. This process was worked for some years by the 
late Mr. Spence, but proved unsuccessful commercially. 

C. ELECTBOLYTIC METHODS. 

1. The L^trange process consists in roasting the ore and 
leaching it with sulphurous acid, obtained by passing the furnace 
gases through water. The solution, containing zinc sulphite and 
sulphate, passes to tanks in which it is electrolysed, regenerating 
free sulphuric acid, which is applied to the leaching of another 
charge of ore until accumulated lime, iron, and other impurities 
render it necessary to start again with clean water. Practical 
difficulties in the electrolysis of acid zinc sulphate solutions 
prevented the process from attaining even technical success. 

2. In the Siemens & Halske process the ore is roasted and 
leached with dilute sulphuric acid to obtain a sulphate solution 
for electrolysis. The liberation of free sulphuric acid, which 
proved fatal to the Letrange process, is overcome by Messrs. 
Siemens and Halske by the addition of ferrous sulphate to the 
electrolyte. This substance takes up oxygen as fast as it is 
liberated by the electric current at the anodes, producing ferric 
oxide which again combines with the sulphuric acid set free to 
form ferric sulphate, the combining power of iron for sulphuric 
acid being 50 per cent, greater in the ferric than in the ferrous 
condition. The solution of ferric sulphate then passes forward 
to the leaching tanks, where it dissolves more zinc, acting not 
only upon the oxide of that metal, but also to some extent upon 
unaltered sulphide; iron in the solution being partly precipitated 
in the interstices of the leaching charge and partly reduced again 
to ferrous sulphate, for which purpose, however, a certain amount 
of iron pyrites in the ore is found to be very desirable, if not, 
indeed, absolutely necessary. 

3. The Ashcroft Process.* — The difficalties met with in 
producing a coherent deposit by electrolysis of a zinc sulphate 
solution led this inventor to adopt in his original process, both 
at Broken Hill and at Grays, Essex, a chloride solution produced 

* Private notes, 1896; also Threlfall, Australian Mining Standard, Jan. 
20, 1897, and Ashcroft, Trans. Inst, of Mining and Metallurgy, vol. vi., 
pp. 282-337. 
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by leaching the roasted ore with a solu- 
tion of ferric chloride containing 10 grains 
of iron per litre, when the following re- 
action took place : — 

3ZnO + FejCle + SK^O = SZnCla 4- Fe„(H0)6. 

Besides the zinc, however, some iron, 
manganese, and silver always went into 
solution as well as lead, unless sufficient 
sodium sulphate were added to convert 
it into insoluble sulphate ; while part of 
the iron was reduced only to the condi- 
tion of FeClj. 

In the solution from the leaching vats 
any excess of FejClg was first precipitated 
by addition of a little ZnO, and the solu- 
tion was then pumped through filter 
presses to separate the residual siliceous 
matter of the ore, together with lead sul- 
phate and the precipitated ferric hydrate. 
The cakes from the filter presses were 
broken up and briquetted, for smelting 
with lead concentrates and other ores. 

Traces of lead, silver, copper, arsenic, 
and antimony in the solution were separ- 
ated by agitation with " zinc grey " (blue 
powder), and the purified solution passed 
to the electrolysing vats (Fig. 108). In 
these it was found impossible to use carbon 
anodes owing to the accumulation of free 
acid which produced a loose, mossy deposit 
containing much occluded hydrogen; as 
well as on account of their rapid disin- 
tegration by the free chlorine evolved ; it 
was, therefore, necessary to employ iron 
anodes in order to take up the free acid 
liberated. As one equivalent of iron 
must go into solution for each equivalent 
of zinc deposited, the cost was very heavy; 
though the iron dissolved was all repre- 
cipitated in the interstices of the ore 
during the leaching process and was so 
rendered available as a flux for the excess 
of siliceous material. In order to prevent 
the presence of iron round the cathodes, 
which interfered with the deposition of 
zinc, canvas diaphragms were introduced 
into the cells through which the electro- 
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lyte was circulated so as to separate the liquid in which 
the iron anode plates were being dissolved from that surround- 
ing the cathodes upon which zine was being deposited. If all 
the vats had contained iron anodes, however, all the iron dis- 
solved in the electrolyte would have taken the condition of 
ferrous chloride, in which form it would have been useless for 
leaching, so that a sufficient proportion (about one-third) of the 
■cells were provided with carbon anodes in order to insure that 
the whole of the iron in the electrolyte should be in the ferric 
condition, and in this way the consumption of iron could be 
reduced to two-thirds of an equivalent per equivalent of zinc 
deposited. It was found that a hard and firm deposit of zinc 
from a chloride solution could only be obtained when the 
electrolyte was circulated rapidly, and when instead of being 
.acid it was slightly basic, this latter condition being insured by 
the addition of a little zinc oxide in the storage vats. 

In working on a large scale the ferric chloride liquor was 
found to be quite unmanageable, corroding rapidly any form of 
metallic pump, and owing to this and to other causes a reversion 
was made at the Cockle Creek Works to the use of sulphate 
solutions, which could be readily handled with centrifugal 
pumps made of hard antimonial lead. With sulphate solutions 
the carbon anodes have to be replaced by lead plates which last 
twelve months, being then converted largely into peroxide. 
With this change it was finally found practicable to dispense 
with the iron anodes and their accompanying consumption of 
that metal and to use lead anodes exclusively, by which means 
an acid solution was regenerated for leaching, containing free 
HjSO^ instead of FcjClg, the diaphragms in the cells preventing 
this free acid from interfering with regular deposition on the 
cathodes. 

The principal difficulties met with in the operation of this 
modified process on B.H. ores at the Cockle Creek Works* were 
the following : — 

1. Difficulty of roasting even a very fine material so as to 
produce any sulphate of zinc whatever, all the sulphuric acid 
Ijroduced being generally insufficient to convert the whole of the 
lead present into sulphate ; and the consequent necessity of 
providing sulphuric acid from other sources for leaching. 

2. Impossibility of leaching thoroughly by percolation, which 
rendered it necessary to adopt the costly processes of agitation 
and filtering in presses. Even in filter presses, however, unless 
the solutions are at a temperature of 80° C. or over, and unless 
the free acid contained is kept below 100 grains per litre, it 
is very difficult to filter the ore-mud owing to separation of 
gelatinous silica. 

*Aahcroft, Trans. Inst, of Mining and Metallurgy, vol. vi., p. 282, 
. et. seq. 
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3. Gradual accumulation of manganese in the solution, which 
not only interfered with the solution and deposition of zinc, but 
used up a large amount of sulphuric acid, since a portion of the 
solution had to be periodically run to waste or treated by some 
other process for recovery of the zinc contents in order to keep 
the accumulation of manganese within bounds. 

4. Difficulty of maintaining the electrolyte in such condition 
as to produce a uniformly hard and coherent deposit. It seems 
to be proved that not only the presence of traces of lead, anti- 
mony, arsenic, and other metals, but also traces of organic 
matter from new vats, oil from the re-use of condensed exhaust 
isteam in the boilers supplying live steam for boiling up the 
leaching vats, and other, as yet unexplained, conditions will in- 
stantly change the character of the deposit from a hard, coherent, 
mass, like electrolytic copper, to mossy arborescent growths, or 
■even to a black spongy mud which is practically valueless. 

5. Difficulty of smelting the filter press cakes containing the 
lead and siliceous matter of the original ore, together with 8 
per cent, of residual zinc without previous briquetting and 
■drying, and the necessity of adding a very large amount of flux, 
now that, owing to the abandonment of iron anodes, there is no 
longer any addition from outside to compensate for the iron and 
manganese dissolved out from the ore in leaching. 

Owing to these difficulties, and to the cost of the various 
manipulations required, the process has been abandoned, though 
its inventor is still of opinion that on a very large scale it could 
be made a commercial success. The plant required, however, is 
very complicated, and for a capacity of 1000 tons of ore per 
week no less than £250,000 must be expended ; it is highly 
improbable, therefore, that in its present form the process will 
<;ome into use as a solution of the so-called "sulphide problem." 

D. NEW DRY PROCESSES. 

A process has been recently patented by Greenway which 
■aims at the elimination of practically all the lead and silver 
contents of the "zinc-lead middlings," containing 25 to 35 per 
cent, zinc, by roasting with salt at a low heat. The lead and 
silver are converted into volatile chlorides which can be con- 
densed by suitable means, and the half-roasted residues, after 
leaching to remove sodium sulphate, are raised to from 35 to 50 
per cent, zinc, in which condition they are eminently suitable 
for distillation. 

It is possible that this method may prove to be a successful 
one for dealing with these hitherto very intractable middlings 
which contain, besides silica and felspar, such large quantities 
■of garnet and rhodonite mixed with the blende as to render 
.them too poor for treatment in their present condition. 
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In view, however, of the great success of the Wetherill 
magnetic concentrator in removing just such slightly magnetic- 
material as garnet and franklinite from non-magnetic ores of zinc 
and copper, it seems to the author very probable that passage 
through such magnetic separators might remove, at trifling cost,' 
such a large amount of ferruginous and manganiferous material 
as to raise the percentage of zinc in the residue by just the 16 
or 20 per cent, which is necessary in order to make it a valuable 
ore of zinc capable of being shipped under existing conditions to 
European zinc works at a considerable profit. This would have 
the further advantage of raising the percentages of lead and 
silver in exactly the same proportion with the percentage of 
zinc so that the residues from zinc distillation would be pro- 
portionately more valuable for smelting. 

Seeing that the material is accumulating at Broken Hill at 
the rate of 15,000 tons per week, there is great scope for the 
introduction of such comparatively cheap methods of dry con- 
centration as that here suggested, at all events for the zinc-lead 
middlings. There would seem to be no doubt that wet con- 
centration must always be the first step in the treatment of 
Broken Hill ores so as to separate as much lead as possible in 
an easily realisable form, and the production of these zinc-lead 
middlings is a necessary evil of the wet concentration process. 
The practical field for experiment, therefore, is confined to 
endeavours in the direction of economical extraction of the zinc, 
lead, and silver locked up in these middlings. 
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SECTION III.— DESILVEEISATION. 



INTRODUCTORY. 

The distinction between argentiferous and non-argentiferous 
lead ores has been already emphasised (Chapter ii.) ; as also the 
fact that the latter are usually much purer and more free from 
base metals. Thus the lead obtained from Missouri and Wis- 
consin lead ores (as also a part of that from Spain and Germany) 
is comparatively free from silver, as well as from base metals, 
and can, therefore, be manufactured almost as it leaves the 
smelting furnace after a simple " poling," or at most a few- 
minutes "blowing" with a steam jet. All the lead produced in 
blast furnaces from complex ores, however, as well as a large 
part of that produced in reverberatories, contains at least suffi- 
cient silver to pay for its extraction, even if, indeed, the silver 
contents be not more valuable than the lead itself, as in the case 
of Freiberg, Colorado, and Broken Hill ores. 

Classification of Methods. — The desilverisation of lead 
bullion may be performed by three different methods — viz., 
1, Cupellation ; 2, the Pattinson process ; and 3, the Parkes 
process. The first method, though the simplest, is the most 
expensive for labour and the most wasteful of material ; yet it 
may still be adopted with advantage, in spite of its high losses, 
for the treatment of rich lead in very inaccessible districts where 
the silver is really the valuable metal sought, and lead (owing 
to the heavy freight) almost valueless. Such conditions prevail 
in some parts of Mexico and in the mountainous districts of 
S. America and elsewhere. In such cases it is sometimes advis- 
able to adopt a direct cupellation process, which turns out the 
silver at once in a portable form, while the litharge is either 
reduced to metal in an open hearth or simple furnace, or, more 
commonly, is utilised as a source of lead in smelting silver ores. 

Direct cupellation has the advantage that it can be carried 
out, if necessary, with no other material than clay or sun-dried 
bricks, no other fuel than brushwood, and no other blowing 
machinery than a common blacksmith's bellows. For further 
information as to simple cupellation hearths, two papers by 
Austin,* and one by Pfordtef may be consulted with advantage. 

* Trans. A.I.iI.E., voL.xii., p. 41, and xiii., p. 185. \Id., vol. xxi. 
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In all cases, however, where fuel is cheap and the country 
moderately accessible by means of railways or good roads, the 
direct cupellation process should be replaced by either the 
Pattinson or the Parkes process. An example of a case where 
this was not done is afforded by the Las Trojes smelting works 
in Michoacan, Mexico,* which the author understands are no 
longer in operation. Hofman quotes t from Reich the following 
table which shows at a glance the comparative disadvantages of 
cupellation as compared with the Pattinson and Parkes processes, 
and is, therefore, worth reproduction. The figures are from 
the Ems works, where all three processes were carried out 
successively. 





Cupellation. 


Pattinson. 


Parkes. 


Cost of treatment per ton, 
Amount of lead to be cupelled, . 
Percentage recovery of lead and silver. 
Silver lost in the lead, ozs. per ton, . 
Traces of gold, 


3 

100 
94 
0-73 
lost 


li 
13 

98 
0-58 
lost 


1 

5 

99 

0-17 

recovered 



Electrolytic processes of desilverisation were tried experi- 
mentally by Hampe } and Keith ; § but, though technically 
successful as regards the purity of the resulting lead and its 
freedom from silver, they have been failures from a commercial 
point of view, the chief drawbacks being — (1) enormous amount 
of capital locked up in material under treatment; (2) inconvenient 
condition of the fine crystallised lead produced, which gives rise 
to heavy losses in remelting, &c. ; (3) losses in melting and treat- 
ing the slimy residue containing the precious metals. Recently, 
a new process has been patented by Tommasi,|| the electrolyte 
being a double acetate of lead and sodium, and the cathode a 
disc which is made to revolve, upon the surface of which the cry- 
stals of lead are deposited. These are removed at intervals 
by scrapers, and well washed on a sieve. The wash water is 
concentrated by evaporation and added to the bath, while the 
lead is compressed into blocks and then melted in crucibles with 
2 per cent, or 3 per cent, of charcoal, and cast into ingots. It 
remains to be seen whether this process will be any more suc- 
cessful than those of previous experimenters in the same field. 

Practically speaking, therefore, the desilverisation of lead 
must be carried out on the large scale by either the Pattinson or 

* Proc. Inst. Civ. Eng., vol. oxii., pp. 146, et seq.; 165, et sea. 
\ Metallurgy of Lead, 1893, p. 297. 

t Zeitschrijt j. d. Berg- Hiitten- u. Salinen Wesen. im Pretiss. Staate, 1882, 
p. 81. 
§ Trans. A.I.M.E., vol. xiii., p. 310. 
■ II Comptes Rendus,-vo\. cxxii., p. 1476; and E. and M. J., Aug. 29, 1896. 
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the Parkes process. Both are English processes, and both have 
been brought to their highest state of perfection in this country, 
but unfortunately the traditions of English smelters and refiners 
have always led them to keep their operations as secret as 
possible, even in cases where their foreign competitors have 
already copied all that is worth copying;* therefore, few par- 
ticulars are available as to English practice, and hence the 
descriptions of plant, &c., must be mostly drawn from foreign 
localities. 

Influence of Impurities on Desilverisation. — Almost all 
the impurities in the work-lead interfere, to a greater or less 
extent, with desilverisation by either process, although, generally 
speaking, the Parkes process requires a purer lead than the 
Pattinson. 

The most harmful impurity is arsenic, which, even in small 
proportion, is fatal to good results ; antimony also, even in small 
quantity, interferes greatly with the Pattinson process, and 
renders good work in the Parkes process impossible. Next in 
order among harmful impurities come tin, zinc, sulphur, iron, 
nickel, and cobalt. Fortunately, all the above have a greater 
affinity than lead for oxygen, and can, therefore, be eliminated 
by simple oxidation at a low red heat and skimming the molten 
bath. 

Copper, which is, perhaps, as common an impurity as any of 
the above, lias much less affinity for oxygen and is only imper- 
fectly got rid of by oxidising influences. It forms, however, 
with part of the lead itself an alloy which is much less fusible 
than the remaining and purer lead, and, therefore, the bulk of it 
oan be readily eliminated by means of a process of liquation or 
slow melting down, a smaller proportion, by subsequent cooling, 
gradually rising to the top as a second crust or dross, which can 
be skimmed off. The first dross, besides copper, contains also 
most of the metals of the iron group contained in the lead, as 
well as some arsenic, sulphur, and tellurium, if present.t Oopper 
is not specially harmful in the Pattinson process, but greatly 
interferes with the Parkes process, increasing the time and the 
consumption of zinc. 

Bismuth has distinctly less affinity for oxygen than lead itself, 
and cannot be readily separated from it ; fortunately, this metal 
does not interfere at all with desilverisation, even in the propor- 
tion of 2 per cent., as shown by the experience at Freiberg. 
Zinc is a rare impurity in work -lead, except in minute traces, but 

* An amusing commentary on this condition of affairs is to be found in 
the concluding remarks of the presidential address of Dr. B. Pearoe (him- 
self an Englishman and a pupil of Dr. Percy) to the American Inst, of 
Mining Engineers in June, 1889. Trans. A.I.M.E., vol. xviii., p. 72. 

+ Tellurium is found in notable quantity in the dross from base bullion 
produced at Pertusola (Italy), v. Heberlein, Berg- u. Siittenm. Zeitung, 
1895, p. 41. 
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is contained in considerable quantity in lead -which has been 
desilverised by the Parkes process, and must be got rid of by 
oxidation before the desilverised lead is marketable. 

The process of desilverisation adopted must, therefore, be 
preceded by a process of oxidation to remove impurities, which 
is called " softening," or, sometimes in England, " improving " ; 
while the Parkes process is followed by another similar oxidation 
to remove zinc, which is usually called "refining," or, sometimes, 
" dezincing." Both operations require similar plant, and may be 
conveniently described together in a single chapter. The con- 
centration of precious metals in rich lead by the Pattinson and 
Parkes processes follows in two separate chapters, and, lastly, 
the cupellation of the rich lead and refining of the silver. 

As an alternative to the combined softening and desilverisa- 
tion by ordinary methods, Eosing* experimented at Tarnowitz. 
(Silesia) on a Bessemerising process in a converter, with basic 
lining, taking charges of 6J tons. By this means lead containing 
12"4 ozs. silver was almost entirely converted into a fume con- 
taining 75 per cent, lead and 2-4 ozs. silver per ton, the residual 
rich lead carrying 1863 ozs. to the ton. The anthor has not 
succeeded in learning any later particulars as to the practical 
working of this process, but the losses of lead and silver conse- 
quent on the re-treatnient of so large a quantity of flue dust 
would seem to be a fatal objection. 



CHAPTER XV. 
SOFTENING AND REFINING FOR MARKET. 

The softening of lead as a preliminary to desilverisation may 
take place in cast-iron kettles or in reverberatory furnaces. The 
former are suitable for softening lead practically free from anti- 
mony and arsenic, and containing only small proportions of 
copper. The latter are much more commonly employed, since 
they are adapted to the softening of more impure lead, containing 
larger quantities of copper, arsenic, and antimony. When lead 
contains | per cent, of copper and upwards, as at Freiberg and 
Przibram, it is advisable to preface the ordinary softening pro- 
cess by liquation in a special liquation furnace with inclined bed, 
the lead gradually draining out into a kettle, from which it can 
be tapped or syphoned into the softening furnace. In any case, 
the rapidity with which softening proceeds depends on the 
exposure of fresh surfaces to oxidation. 

* E. and M. J., April, 16, 1892. 
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Beflning, like softening, may be carried out either in kettles 
■or in reverberatories. In the former, steam is the active agent 
(Oordurie's process) ; in the latter, atmospheric oxidation is 
exclusively relied upon, the process being slower and, perhaps, 
less thorough, but on the whole less costly. 

Softening in Kettles. — At Lautenthal (Upper Harz) * the 







f 



Figs. 109 and 110.— Kettle. 
* Sohnabel, Handhuch der Metallhuttenkunde, vol. i., pp. 451, et seq. 
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softening, desilverisation, and subsequent refining are all con- 
ducted successively in the same kettle. Analyses of the work- 
lead treated are given in Table XXXIII. ; it is comparatively 
free from arsenic and copper, and not very high in antimony. 
The kettles used are 6 feet 2| inches (1-90 m.) diameter by 
2 feet llf inches (0-90 m.) deep, and hold about 15 tons of 
lead each; their arrangement is shown in Figs. 109 and 110. 
The lower part of the kettle is heated directly by the flame, 
which then rises through the opening shown by the arrow and 
circulates round the upper part of the kettle in the flue, f, 
before passing, by a downcast, to the principal chimney flue. 
The hood and steam apparatus shown in Fig. 109 is not used for 
softening, but only for refining, for which purpose also a remov- 
able cast-iron pipe, jo, hangs in the kettle and can be connected 
at will by means of a valve with the steam pipe, s. 

Softening. — The charge of 15 tons of lead (containing 0-28 per 
cent. Cu and 0"57 per cent. Sb) is slowly melted down at a low 
temperature, taking six hours, at the end of which time two- 
thirds of the copper, together with all the sulphur and one-half 
of the arsenic, iron, and nickel will have risen to the surface as a 
pasty "dross," which is skimmed ofi', leaving, however, practically 
all the antimony behind alloyed with the lead. A sample of the 
lead at this point poured into a mould shows, on cooling, a bright 
white crystalline spot in the centre of its dull greyish white 
surface, which is an infallible indication of the presence of 
antimony or arsenic. 

The desilverisation with zinc follows, lasting fifteen hours and 
removing most of the remaining copper, without, however, 
affecting the antimony. 

Refining. — The cooled desilverised lead, now containing 0-7 
per cent, of zinc as well as the original 0'57 per cent. Sb, is then 
heated to a dull red by four hours' strong firing, the hood lowered 
to prevent access of air as far as possible, and steam at 30 to 40 
lbs. pressure blown through the bath to oxidise the zinc. It 
is impossible to prevent the introduction of air along with the 
steam, and therefore some lead and antimony are oxidised 
together with the zinc. The expulsion of zinc generally takes 
about two hours, at the end of which time the hood is raised and 
the oxides skimmed off. The hood is again lowered, its four 
working doors are opened and steam is blown through with free 
access of air to oxidise the antimony, with formation of a thick 
semi-fluid mass of lead antimoniate. This also takes about two 
hours, when fluid yellow feather-litharge begins to form showing 
the antimony to be practically all expelled ; after cooling, the 
lead is then cast into moulds by means of the Rosing lead pump.* 

The yellow powder of zinc and lead oxides is separated by 
hand buddling from the shots of lead, and the most impalpable 
* Btrg- und Hiittenmannische Zeitung, 1889, p. 262. 
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part of it, which floats away, forms, after drying, a good reddish- 
yellow paint containing 60 to 67 per cent. ZnO, the remainder 
being practically all PbO. In order to avoid so much oxidation 
of lead, Rossler* has forced in, together with the steam, COj, 
which yields a nearly pure zinc oxide ; also a mixture of CO and 
nitrogen, which yields a considerable proportion of the zinc as 
" blue powder " — i.e., in the metallic condition. The improve- 
ment has not, however, come into general use. 

The great drawback of kettle refining is the wear and tear of 
the kettles, which are rapidly corroded away at the surface of 
the metallic bath by the lead antimoniate. At Lautenthal, cast- 
iron kettles only last for 20 to 40 charges ; at Tarnotvitz, with a 
lead almost free from antimony, cast-iron kettles last for 90 
charges; while those of open hearth steel last 120 to 150 charges; 
and those of crucible steel 250 to 270 charges. Whatever their 
material, kettles for these other purposes should always be cast 
bottom downwards, though the other way up is easier for the 
foundry. 

At Hoboken (Antwerp) Spanish lead is treated by this pro- 
cess, no attempt being made to separate the zinc and antimony, 
which are recovered together in one product for further treat- 
ment. 

Liquation of Cupriferous Lead. — At Freiberg \ the work-lead 
containing 0'9 per cent, copper and other impurities {v. analysis 
in Table XXXIII.) is liquated, together with all the skimmings 
from the subsequent Pattinsonisation, on the hearth of a special 
furnace very similar to that shown in Fig. 131 (Chap. xvii.). 
The pigs are piled on an inclined hearth of marl, and gently 
heated by means of the flame from a closed grate supplied with 
blast under the bars so as to bum inferior slack coal. The lead 
trickles out and collects in a pot, from which it is tapped from 
time to time through a spout. In twelve hours 12 tons of base 
work-lead are slowly melted down in the above furnace with a 
consumption of about 2 tons of slack coal ; and from 4 to 5 per 
cent, of residues remain upon the hearth containing practically 
all the sulphur, 93 per cent, of the copper, 96 per cent, of the 
nickel and cobalt, 77 per cent, of the iron, and 25 per cent, of 
the arsenic of the original lead, which, however, retains all its 
original bismuth, all its tin but 1 per cent., and all its antimony 
save about 5^ per cent. The dross melted down and allowed to 
cool separates into three separate products — viz., lead, speiss, 
and matte. J The comparative absence of iron from the two 
latter, however, proves that they are not original furnace pro- 
ducts held in suspension by the lead, but that the natural 
affinities of S for Cu and of As for Ni, Cu, and Pb come into 
operation to form compounds less fusible than the lead, which 

*Ihid., 1890, p. 248. 

+ Sohertel, Berg- )6. HiUtenmannische Zeitung, 1882, p. 293. J Ibid. 
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dissolved them in the smelting furnace at a much higher 
temperature. 

Neither at Freiberg nor at Przihram is the liquated lead 
sufficiently pure to be passed on to the Pattinson process with- 
out further softening, most modern works, however, treat lead 
less cupriferous than that mentioned above, so that it is possible 
to purify it sufficiently for desilverisation in a single furnace 
with great saving of time and fuel. Still, at the Broken Hill 
Works, it has been found very advantageous to employ a system 
of two separate, but sinailar, furnaces for dressing and softening, 
as will be described hereafter. 

TABLE XXXIII. — Analyses op Woek-Lead before 

AND APTER LiQUATION. 









Lautenthal. 


Freiberg. 




Before 


After 


Before 


After 


Liquated 




Dressing. 


Dressing. 


Dressing. 


Dressing. 


Dress (5%). 


Pb, . 


98-96475 


99-1883 


96-667 


97-830 


62-40 


Ag, 






0-1413 


0-1440 


0-549 


0-536 


0-17 


Cu, 






0-2838 


0-0907 


0-940 


0-042 


17-97 


Cd, 






tr. 


none 








Bi, 






0-0082 


0-0083 


0-066 


0-066 


none 


Sb, 






0-5743 


0-5554 


0-820 


0-771 


0-98 


As, 






0-0074 


0-0032 


0-449 


0-333 


2-32 


Sn, 






none 


none 


0-212 


0-210 


0-04 


Fe, 






0-0089 


0-0048 


0-027 


0-006 


0-43 


Zn, 






0-0024 


00015 


0-022 


0-021 


0-07 


Ni, 
Co, 






0-0068 
0-00035 


0-0038 

tr. 


1 0-055 


0-001 


1-09 


s, 










0-200 


0-180 


4-00 


0, 










* 




1-87 


Slags, &c.. 












8-66 



References. — 1 and 2. Hampe, Zeitschr. J. B. H. u. S. W. im Preitssen, 
vol. xviii., p. 203. 3 and 5. Schertel, B- u. H. Zeitung, 1882, p. 293. 
4. By difference from 3 and 5. 

Softening in Reverberatories. — The operation consists of 
two stages — viz., drossing and oxidation ; the former is a 
liquation which takes place during melting down, the dross 
which rises to the surface containing most of the copper. The 
temperature is then raised to cherry red, and with free access of 
air tin, arsenic, and antimony oxidise successively, and are 
removed by skimming. 

In Germany and at a majority of old works in England, 
softening furnaces are, still used, in which the hearth is only 
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cooled by radiation through the cast-iron foundation pan, while 
at Freiberg and Przibram oxidation is accelerated by means of 
an air blast. 

At Freiberg the charge is 21 tons, which takes thirty-six 
hours to soften completely, and yields 85 per cent, by weight of 
softened lead. Three kinds of skimmings are taken off, which 
are sometimes divided into six classes as one variety runs into 
the next. The first skimmings after the melting down are of a 
dark yellow colour, contain most of the tin, and are, on that 
account, powdery. They consist mostly of antimoniate of tin 
and stannate of lead, but as oxidation proceeds antinioniates and 
arseniates of lead are found and the skimmings become pasty. 
All these skimmings (abstrich) are drawn near the door nearest 
the flue and are called " tin skimmings." Fumes of arsenic and 
antimony then appear, and the former element (together with 
some of the latter) oxidises rapidly to a light brown arseniate of 
lead, which is drawn off with a long iron hoe having a wooden 
blade and called " arsenic skimmings." The brown arseniate of 
lead gradually gives place to the almost black antimoniate and 
the next lot of skimmings is called " antimony skimmings." As 
the antimony becomes eliminated the black is more and more 
replaced by greenish-yellow litharge. 

So long as there is any perceptible amount of antimony in the 
lead, a sample in a ladle will show globules of black skimmings 
revolving on the unoxidised surface of the metal like grease on 
water ; but when nearly all the antimony is " out " the globules 
are replaced by a uniform yellow coating of litharge which forms 
quickly. Poured into a mould and skimmed just before solidifica- 
tion the bar shows the characteristic even, smooth, blue surface 
and lustre of solt lead. 

At Przibram the charge is 22 tons, which is softened in 
twenty-four hours with a consumption of 9 per cent, of coal, 
and yields 81 per cent, of its weight as softened lead. 

At modern works in the United States and England, it is 
customary to use water-jacketed softening furnaces built into 
large wrought-iron pans im order to reduce the amount of 
corrosion of the walls by lead antimoniate and oxide, which is 
very serious in the case of unjacketed furnaces. Some furnaces 
have been built with two complete pans, having a 3 to 4 inches 
space between, filled with water; but the cooling effect is then 
very great and causes excessive consumption of fuel to soften the 
lead sufficiently quickly. The corrosion of the hearth is never 
very serious and air cooling is quite sulEcient; while the corrosion 
of the walls when water jacketed is very easily repaired with 
common clay* or with brasque which is tamped in between 
charges. 

*Common clay is much better than iireclay for almost all internal "patch" 
repairs of furnaces of every kind. 
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Furnace Construction. — The construction of a 35-ton 
softening furnace at the Port Pirie Works of the Broken Sill 
Proprietary Co., divested of its binders and water connections 
for simplicity, is shown in Figs. Ill to 115, in which a is the 
hearth separated from the firebox, b, by an air space beneath the 
bridge, which is supported by a massive casting as shown. The 
hearth is wholly enclosed in a tank of y^^-inch mild-steel plate, 
to the upper part of which is attached the mild-steel water 

Fig. 112. 




Kg. 111. 

Figs. Ill and 112. — Port Pirie Softening Furnace. 

jacket of wedge section, detail of which is given in Fig. 114. 
The tank containing the hearth is supported upon a layer of 80- 
Ib. rails pretty close together, as shown. The water jacket has 
IJ-inch water connections, and handholes here and there for 
cleaning. The position of the taphole is not shown, but 
Fig. 115 gives detail of the cast-steel tapping jacket, the taphole 
in which is closed by a screw plug. In some of the furnaces 
(the so-called " copper furnaces ") the tapping jacket is placed 
at the side, while in others (the so-called "antimony furnaces") 
it is placed at the end, its exact position being determined by 
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the most convenient arrangement of the works. The whole 
upper part of the furnace above the steel-plate tank is enclosed 
in a close fitting casing of massive cast-iron plates, of which 




the door frames form an integral part ; and the furnace is 
also strongly braced with old rails and tie-rods to resist the 
expansion. The furnace gases pass through the opening into a 
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horizontal flue, which crosses the end of the furnace and leads 
into an independent downtake for each furnace connected with 
the main underground flue of the refinery. There are three 
doors on each side of the furnace which serve for charging and 
skimming respectively, and one skimming door in the end 
opposite the firebox. The hearth is built of the best firebrick as 
an inverted arch, and must be laid with the closest possible fire- 
clay joints to make it lead tight; the working bottom is similarly 
built as shown in Fig. 113, and tightly wedged against its 
skewbacks in the side walls. Air is frequently admitted through 
the bridge and roof to accelerate oxidation, and sometimes also 
a blast is used under the grate when inferior slack is to be used 
as fuel. 




Fig. 115. — Port Pirie Softening Furnace. 



American and English softening furnaces are very similar, 
except that in the latter a simple water pipe extending round 
the furnace inside the iron or steel tank is sometimes used 
instead of a jacket ; and that in the former the water jacket is 
frequently a rectangular box, the inner side of which is formed 
simply by the side of the wrought-iron hearth tank, while the 
top and bottom are of square bar or of channel iron rivetted 
to it and to the outer plate. Figs. 116 to 119 represent an 
American softening furnace with rectangular water jacket, and 
end taphole passing through an extension of the wrought-iron 
jacket. Other details of the furnace are, in the main, similar 
to those of the Australian furnace previously figured. 
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Fig. 119. 
Figs. 116-119.— American Softening Furnace. 

Method of Working. — The pigs of lead must be introduced 
carefully so as not to injure the working bottom, and -within a 
period of from one and a-half to five hours after the charging is 
finished (according to the temperature employed) they are all 
melted and the dross ready for skimming. To assist in collecting 
the dross, a little fine coal is sometimes stirred in, and then the 
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dross is all skimmed off by a rabble with long flat head resting 
in a hook suspended by a chain. The dross usually contains 
about 80 per cent, of lead, and averages in weight from 3 to 
5 per cent, of the bullion charged ; it is collected in slag pots 
or barrows, weighed, and wheeled to the liquation furnace. 
When the bullion has contained tin, the pasty tin skimmings 
are next removed in the same way as the dross. The antimony 
skimmings are more fluid, and, therefore, the furnace doors are 
frequently opened to cool them and permit of their more ready 
removal. Lime is sometimes thrown on to cool and thicken the 
mass, but this plan interferes with the subsequent liquation, 
and is, therefore, but seldom adopted. It is necessary to 
thoroughly stir the bath at frequent intervals, say at least every 
half-hour, for, otherwise, clean litharge would be shown, and 
the surface layer of lead become freed from antimony while 
that at the bottom was still very impure. Stirring and skim- 
ming must be repeated until the lead is found to be soft, as 
shown by the ladle test already described. The texture and 
appearance of the last skimmings, however, are not an invariably 
safe guide unless the whole be carefully examined, for a con- 
siderable portion of a skimming averaging 6 per cent, of anti- 
mony may show well developed flaky crystals of clean litharge, 
the antimony appearing to segregate in certain portions of a 
skimming. 

To hasten the process, jets of steam have been sometimes 
introduced through perforated pipes. These, however, have the 
ill effect of increasing the oxidation of lead, and, consequently, 
the amount of skimmings produced ; besides which the corrosion 
of the furnace walls is largely increased through the wave 
motion of the bath. By far the most efficacious method of 
hastening the removal of antimony is to stir litharge into the 
bath at a comparatively low temperature, particularly the very 
rich litharge from the finishing cupels and the second refining 
skimmings, which are very rich in metallic lead. This practice 
results in a considerable saving of time in oxidation, besides 
affording a very convenient means of disposing of these bye- 
products. The " softening skimmings " will vary in amount 
according to the impurity of the bullion ; usually, however, they 
do not amount to more than 5 to 8 per cent, of the weight of 
base bullion charged. 

The fiiel usually employed is coal, the average consumption of 
which in America, according to Hofman, is 7| per cent, by weight 
of bullion treated.* If this figure be correct, however, it should 
certainly not stand as a record of the best work, for the Broken 
Hill Proprietary Company at Port Pirie soften their very impure 
bullion in twenty-four hours with a consumption of only 5*2 per 
cent, of coal; while at the Howdon Works (Newoastle-on-Tyne) 
* Metallurgy of Lead, 1893, p. 324. 
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bullion with 3 per cent, impurities is softened in 140-ton furnaces 
■with a coal consumption of only 2J per cent, by weight.* Crude 
petroleum sprayed by a Korting injector, or, better, by a jet of 
compressed air is used in some American works with good 
results. 

The average time taken to soften ordinary American lead 
bullion is fourteen hours. In the United States the usual charge 
is 30 to 40 tons (rarely 50 tons), and the lead softened thus 
quickly at a comparatively high temperature is run direct from 
the furnace into the zincage pots, an arrangement found also at 
some Continental and English works. Hutchings recommends! 
the use of much larger furnaces taking charges up to 140 tons 
and softening slowly at a lower temperature. By this method, 
even with work-lead containing 3 per cent, of impurities, taking 
forty-eight hours to soften, the fuel consumption is only about 
2J per cent, by weight, as compared with the American con- 
sumption of about 7^ per cent. ; the saving in fuel being much 
more than the loss in interest. Hutchings further recommends 
casting the lead from the softening furnace and remelting it in 
the desilverising kettles as affording opportunity for an additional 
skimming of coppery dross, yielding a purer lead and saving zinc. 
The same object may, however, be attained by allowing the lead 
to cool off almost to the solidification point before heating up for 
the first zincing, or, as pointed out by Huntington, f by inter- 
posing a collecting pot between the softening furnace and 
desilverising pot in which this cooling and dressing takes place, 
bringing down the copper contents of the bullion to 0'08 per cent., 
even when originally containing as high as 045 per cent. The 
latter writer further points out that the 140-ton furnaces would 
be out of place in medium-sized works where the softening 
furnace forms only a part of one continuously working whole ; 
though suitable enough for a desilverising plant, pure and 
simple, working on a sufficiently large scale. 

At the Port Firie refinery of the Broken Hill Proprietary Com- 
pany, the average bullion treated contains 0'8 per cent. Cu, 7 per 
cent. Sb, 300 ozs. Ag, and 5 dwts. gold per ton (v. analysis. Table 
XXIII., p. 197). At these works two separate sets of furnaces 
are employed for drossing and softening respectively, the latter 
being built on a slightly lower level, about 1 foot below the 
former. There are two drossing furnaces arranged lengthwise on 
the uppermost level, each of which supplies a pair of softening 
furnaces of the same dimensions placed end on. All the furnaces 
are of the same type, and approximately of the same dimensions ; 
they have been illustrated in Figs. Ill to 115. 

The charge for a drossing or " copper " furnace is 35 tons (i.e., 
of 2240 lbs. = 39"4 tons American), which takes about three 

* Hutchings, K and M.J., Feb. 23, 1896. 

t E. and M. J., Feb. 23, 1895. J B. and M. J., Mar. 30, 1895. 
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hours to charge in carefully with long paddles, so as not to injure 
the bottom. As the furnace is kept at a very low and uniform 
temperature, the charge takes four or five hours to melt down ; 
as soon as this operation is completed the doors are thrown open 
so as to prevent it from getting any hotter, and the dross, which 
weighs about 3 tons after liquation, is skimmed ofi'. The opera- 
tions of melting and dressing take about five to six hours in all, 
or eight to nine hours from the time charging was commenced, 
and the consumption of coal is 8 J cwts. to the charge of 35 tons, 
or 1 '2 per cent. only. The "copper" furnace is provided with two 
water jacketed tapholes on the long side facing the softening 
or "antimony" furnaces, and as soon as one of these is ready for 
a new charge the lead is run into it by means of a movable clay- 
lined iron gutter from the nearest taphole of the drossing 
furnace, any litharge or skimmings which it is intended to add 
as oxidising agents for the antimony being charged at once. 

The process of softening is conducted as usual, and generally 
takes about eighteen hours. Usually five skimmings are made, 
and the total skimmings from a charge of 32 tons drossed (or 35 
tons original) lead amount to about 36 cwts. containing on an 
average 12 per cent, antimony. The consumption of coal aver- 
ages 28 cwts. per charge, or just 4 per cent, on the original 
bullion, making a total consumption of 5'2 per cent, by weight 
for combined drossing and softening. Each furnace is worked 
by one man per shift. The loss by volatilisation, working at this 
low temperature, is very slight, and the system of using separate 
drossing and softening furnaces has much in its favour besides 
economy of fuel, for the drossing furnace, if carefully handled, 
lasts indefinitely, and even on the softening furnaces repairs are 
much lighter, owing to the almost constant temperature at 
which they are kept. The complete separation of copper in the 
first furnace, moreover, much simplifies the subsequent treat- 
ment of bye-products, particularly of the antimony skimmings. 
Furthermore, the perfection of the softening, coupled with the 
.low temperature in the desilverisation pots, renders it possible 
to produce very rich gold and silver crusts, which means less 
lead to be cupelled and smaller losses of silver. 

Eefining in Reverberatories. — The same furnace is used as 
for softening, but it is frequently made 3 inches shallower. The 
desilverised lead is syphoned into it by means of the Steitz lead 
syphon made of gas pipe, one form of which is shown in Figs. 120- 
121, or by means of the Rosing lead pump, if the works are on a 
level. The mode of operating is similar to that in the softening 
furnace, except that a higher temperature is necessary, and that 
zinc, and not antimony, is the principal metal to be oxidised. 
The last traces of antimony, however, when the lead has not 
been thoroughly softened, are very, difficult to remove in refining, 
and, therefore, a lead containing 0-6 per cent, of zinc and 0-3 per 
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cent, of antimony will yield as much as 4 or 5 per cent, of 
skimmings containing about 90 per cent, of lead.* These 
skimmings are removed in separate " heatings," the doors being 
thrown open for a time to cool the skimmings and render them 
easier to remove. Three heatings are usually required, taking 
about twelve hours, after which the litharge drawn from the 
surface of the bath should be bright yellow and free from 
brown spots (antimony). Steam is now rarely used in refining 
furnaces, for the same reasons as are given in connection with 
softening furnaces. 

Beflning in Kettles. — Refining at Lautenthal has been 
already described. Whenever the work in the softening furnace 
has been very thoroughly done, the lead, after desilverisation, 
may be economically refined in pots, as it is antimony and not 
zinc which brings about the greatest destruction of pots. 

At the Port Pirie refinery, kettle refining is practised. The 
kettles (here called "pans") are 8 feet 6 inches diameter and 
3 feet 4^ inches deep, holding, when full, 30 tons each ; they are 
provided with movable steam pipes reaching to the bottom, and 
with a hood similar to those at Lautenthal. The life of each pot 
is about thirty-five charges, or about 850 tons of lead refined, the 
thickness of cast iron being li^ inches at the bottom and 1^ 
inches at the rim, and the weight, when new, 52 cwts. each. 
Steel kettles have been tried, but were not a success — possibly 
on account of poor quality of steel. 

The usual charge for one of these kettles is about 24J tons of 
desilverised lead from the zincage pots, with 0-67 per cent. Zn, 
which, by strong firing, is brought to a dull red heat; the hood 
is then lowered and steam blown through for four hours, at the 
end of which time the lead has become comparatively cool ; the 
hood is then raised so as to remove the first "refining skim- 
mings," which amount generally to about 2400 lbs. (or, say, 5 
per cent, of the weight of lead charged) and contain 75 per cent, 
lead and 15 per cent. zinc. The lead is then again heated red 
hot and steam again passed for half an hour. The second 
skimmings then removed weigh about 350 lbs. and contain only 
0"5 per cent. zinc. The lead is then maintained at an even 
temperature and cast when convenient. As a rule, each charge 
takes about sixteen hours to work off (including casting) and 
consumes about 12 cwts. of coal, or 2^ per cent, of the weight of 
lead charged (according to Hofman,t 6 per cent, is required in 
American works). 

Casting. — The operation of casting (or "moulding" as it is 
often termed) from refining kettles is a very simple one, the 
syphon employed being more or less similar to that shown in 
Figs. 120 and 121, the flow of which can be slackened or stopped 
entirely by raising the end of the movable arm. In use, this 
* Hofman, op. cit., p. 341. fOp. cit., p. 341. 
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syphon must be firmly clamped to the kettle by means of two 
hoops -which encircle it. 




loose Joint 



Figs. 120 and 121.— Syphon. 

The moulds used are commonly mounted on a wheel like that 
shown in Figs. 122 and 123; forty to sixty of these, arranged in 
a semi-circle round the end of the syphon, are used at once. 

When the lead has been refined in a reverberatory ftirnace, 
it may be cast direct from the furnace. The apparatus used 



Section on A B 
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Figs. 122 and 123.— Mould. 



for] this purpose is shown in Fig. 124. This method of casting 
has^ obvious advantages, but it has the grave disadvantage of 
requiring the refining furnace to be cooled down for moulding 
with a],loss2of, at least, thejtwo hours required to heat it up again, 
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besides the increased strain on the furnace and wear and tear of 

the lining. Hence it is 

decidedly preferable to Y/\ 

tap into a warmed 

merchant - kettle and 

cast at leisure when 

the lead has attained 

the right temperature, 

either by means of the 

Steitz syphon or of the 

Rosing lead pump. 

Some data with re- 
ference to softening 
furnaces at different 
works are given 
Table XXXIV. 




Iiiil 



afi 
_| 



in Kg. 124. — Apparatus used in direct casting. 



TABLE XXXIV.— Work Done in Softening and 
Refining Furnaces. 







Omaha 




Howdon 




Freiberg, 


and Grant, 


Port Pirie, 


Works, 




Saxony. 


Omaha, 
Neb. 


S.A. 


Newcastle 
■on-tyae. 


References, 


1. 


2. 


8. 


4. 


Softening — 










Weight of charge in furnace, tons 


21 


45 


35 


140 


,, dross removed, ,, 


... 




3 




, , skimmings produced, owt 


!. 




36 




Number of hours in furnace, . 


36 


12 


27 


48 


Percentage of softened lead, . 


85 


... 


86 


... 


Weight of coal used per charge, tons 




14 


If 




Percentage consumption of coal, 
Men employed per 24 hours, . 




3-3 


5-2 


24 


... 


3 


3 




Percentage of antimony in skim 










minga, 




•• 


6 




Refining — 










Weight of charge, . . tons 


... 




244 




, , skimmings removed, cwtE 




... 


24 


... 


Percentage of market lead. 






95 


... 


Time taken in refining, . hours 


9 


12-18 


16 


... 


Percentage of Zn before refining, . 


0-75 




0-70 


... 


,, ,, after ,, 


0-0002 


... 


0001 


... 


Silver in market lead, . per cent., 


0007 


... 


0-0009 




„ . ,, dwts. perton, 


44 




54 




Percentage consumption of coal. 




6 


34 


... 



References.— I. Plattner, Oesterr. Z. f. B. u. H. W., 1887, p. 421. 
2. Private communication. 3. Private notes, 1896. 4. E. and M. J., 
Feb. 23, 1895. 
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Bye-products of the Softening Furnace. — The ordinarj 
bye-products of the softening furnace are two — viz., copper dross 
and antimony skimmings; sometimes, as at Freiberg, a third, 
intermediate product of "tin skimmings," but usually traces of 
tin go into the ordinary antimony skimmings. 

Copper Dross. — This is usually worked up by liquating at a 
low temperature in a liquating furnace, which is frequently 
built like a small softening furnace, but kept only for treating: 
the bye-products. After as much lead has melted out as possible, 
the dry dross floating on the metallic bath is raked off, and a 
fresh charge of dross added ; the lead is tapped out into a pot 
from time to time, and goes back to the bullion-softening furnace. 

The liquated dross varies in composition according to the 
nature of the bullion from which it has been derived ; some 
analyses of this substance have been given in Table XXXIII. 
It usually contains about two-thirds the silver contents of the- 
unsoftened bullion, and, perhaps, 80 per cent, of lead, with 10 
or 12 per cent, of copper. It is usually smelted in the refinery 
cupola to copper matte, together with ores or, preferably, as at 
Port Pirie, with low grade ore-matte, which it raises in copper 
contents, at the same time that a comparatively clean work-lead 
is produced carrying most of the silver in the charge. 

Antimony Skimmings. — These are also first liquated, with the 
double object of extracting the shots of metallic lead mechani- 
cally entangled, and of desilverising the skimmings, which, 
before liquation, contain 6 to 15 ozs. silver per ton with base 
bullion of 300 ozs. Frequently the same furnace is employed as 
that used for liquating dross, the flame being made as smoky as 
possible in melting down, in order to reduce lead and carry down 
the silver ; a little fine coal is also thrown on the surface of the 
bath with the same object. The contents of the furnace are- 
tapped into a large overflow pot with a spout, in which the lead 
collects, while the liquated skimmings overflow into slag pots. 
An antimonial lead-copper speiss is often found beneath the 
cones of cooled skimmings, which is worked up by smelting with- 
the dross. 

The liquated skimmings are smelted with a calcareous slag 
from a previous campaign in a small water-jacketed cupola, 
together with sufiicient galena to reduce all the antimony and 
lead in the skimmings to metal without forming matte. The 
resulting products are hard lead or antimonial metal, containing 
from T to 25 or more per cent, of antimony, and an antimonial 
leady slag, which is saved for the next campaign. 

The crude hard lead usually contains a good deal of copper 
and is best melted down at a low temperature and dressed to- 
get out as much copper as possible; after which it is poled in 
the tap kettle to remove the remainder, and sold to typefounders 
or used for making alloys like Babbitt and Britannia metals. 
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The composition of some hard leads and hard lead drosses is 
given in the following Table : — 

TABLE XXXV. — Analyses op Hard Leads and Hard 
Lead Drosses. 





Freiberg. 
1 


Lautenthal. 


Przibram. 


Broken Hill. 


Clausthal 
Dross. 


Reference, . . 


2 


3 


4 


5 


Pb, 

Ag, 
Sb, 
As, 
Cu, 
Ni, 
Fe, 
Zn, 
Sn, 

s, 






81-5 

15-0 

2-5 

trace 

6-3 


82-08 
0-003 
17-34 

6-62 


74-886 
0-009 

24-270 
109 
0-160 
0-015 
0-018 
009 
0-524 


72-5 
0-07 
244 to 264 
1 to3 

trace 

trace 


22-962 

38-763 

37-643 

0-139 
0-232 

0-240 








99-3 


100-043 


100-000 




99-979 



References.— 1. J. f. d. B. u. H. W. in Sachsen, 1883. 2. Schnabel 
Handbiich der Metallurgie, vol. i., p. 434. 3. Oesterr. Jahrb., vol. xxxix., 
p. 64. 4. Private notes. 5. B. u. H. Z., 1870, p. 169. 

An American way of treating dross and skimmings from the 
softening furnace is to smelt both together in a reverberatory 
furnace with a small quantity of galena ore low in silver. The 
products are work-lead, containing most of the silver contents of 
both dross and skimmings ; high grade copper-lead matte, free 
from iron ; and refined antimony skimmings, freed from both 
silver and copper, and, therefore, suitable at once for smelting to 
antimonial metal. The furnace has two tapholes, from the 
upper of which the refined skimmings are tapped, the lower one 
serving for lead and matte. The lead goes to the softening 
furnace and is treated like the ordinary work-lead. 

The copper-lead matte is charged into an English cupelling 
furnace (v. Chap, xviii.) and oxidised, with the addition of 
siliceous sand or broken quartz. The products are lead slag, 
which runs off continuously into slag pots, and a mixture of 60 
per cent, copper matte with some metallic bottoms, which 
collects on the test. When full, the contents of the test are 
tapped into moulds ; the copper bottoms, containing all the gold 
of the dross and skimmings, are worked up by solution pro- 
cesses ; * while the gold-free copper matte, rich in silver, is 
* D. Part II., Silver, Chap, xviii. 
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cupelled up to argentiferous metallic copper in another hearth, 
and used as a precipitant for the silver in parting dore silver * 
bullion. In this way all the metallic constituents of these bye- 
products are utilised in the most advantageous way, except the 
part volatilised, which is rather more than usual, owing to the 
high temperature and intense oxidation of the cupelling hearth. 
At Port firie (S.A.) the antimony skimmings are smelted in 
a small reverberatory furnace built in an iron tank like a soften- 
ing furnace. Twelve charges are run through in twenty-four 
hours, each being composed of 1;^ tons skimmings and 115 lbs. 
of coke breeze; the lead from four successive charges is allowed 
to accumulate in the furnace, and is only tapped at every eight- 
hour shift, while the slag accumulates till, at the end of twenty- 
four hours, the whole charge is tapped out into a tap pot. The 
product from each ton of skimmings is 1200 lbs. of liquated 
lead containing 1 to 2 per cent. Sb, l^ per cent. Cu, and all the 
silver of the skimmings, generally amounting to about 35 ozs. 
per ton. The remaining lead contents of the original skim- 
mings (except about 7 or 8 per cent, loss by volatilisation) are 
contained in the "antimonial slag" (elsewhere called "liquated" 
or " refined " antimony skimmings) which contains 46 to 63 per 
cent, lead and 1 7 to 24 per cent, antimony. 

The " antimonial slag " is then smelted with fluxes in a small 
5 feet by 3 feet furnace at the rate of 24 tons per day. The 
charge is ordinarily 450 lbs. of antimonial slag, 350 lbs. returned 
slag from a previous operation, 50 lbs. limestone, and 100 lbs. 
ironstone, which is smelted with 75 lbs. coke. The yield is 70 
per cent, by weight of the antimonial slag charged as the so- 
called "antimonial lead" containing 25 to 30 percent, of anti- 
mony. This product is so free from copper and silver that it 
can be sold at ouce to the typefounders. 

The treatment of tin skimmings at Freiberg (which contain 
PbO 70'35, SnOg 12-53, SbjOj 12-50, Asf>^ 4-73, CuO 0-61, and 
Ag 70 ozs. per ton) consists of a succession of softenings in a 
reverberatory, and smeltings of the skimmings in a cupola which 
need not be described here. The final product is a desilverised 
alloy, containing Sn 33 per cent., Sb 14 per cent., As 1 per cent., 
which is readily marketable. For details the student may 
consult the original paper of Plattner. f 

Bye-products of the Refining Furnace (or Kettle). — In 
refining there is only one product, namely, refining skimmings, 
which is, properly speaking, a bye-product of the Parkes process, 
but may be conveniently referred to here. 

These skimmings are mixed with 10 per cent, of fine coal and 
smelted, preferably in an English reverberatory furnace. The 

* i.e., silver containing gold. 

t Berg- u. HiUlenm. Zeitung, 1883, p. 417 ; also abstract of same in 
Schnabel, op. cit., vol. i., p. 431. 
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temperature is gradually raised till no more lead runs, when the 
residues are rabbled, collected, and drawn. The lead goes back 
to the refining furnace, the residues, which, besides lead, contain 
much zinc and some antimony, as well as traces of other metals, 
are treated together with the softening skimmings, or returned 
to the ore blast furnace together with litharges, &c., as lead flux 
for siliceous ores. 

At Port Pirie the first and second refining skimmings are 
treated separately. The former, containing 75 per cent. Pb, 15 
per cent. Zn, and about 0'3 oz. silver per ton, are treated in the 
refinery blast furnace, together with litharges, mattes, and other 
products. The latter, containing 96 per cent. Pb, 0*5 per cent. 
Zn, and ^ oz. Ag per ton, are added to the softening furnace, 
where they assist in the expulsion of antimony. This would 
seem to be about the best possible way of handling these 
skimmings. 



CHAPTER XVI. 
THE PATTINSON PROCESS. 

This process is based upon the discovery of Pattinson in 1829 
that the crystals which form during the slow cooling of molten 
lead are poorer in silver, while the still liquid remainder is 
richer in silver than the original lead. This is explained by the 
experiments of Reich,* who found that small quantities of silver 
alloyed with lead lower its melting point until the silver con- 
tents rise to about 700 oz. per ton (2^ per cent. ), above which 
critical point the higher melting point of silver exerts its 
influence, and subsequent additions of that metal raise the 
melting point of the alloy. 

In the case of poor leads subjected to cooling from a molten 
condition, if two-thirds be removed as crystals these will be 
about one-quarter as rich in silver as the liquid remainder, 
which is ladled out into another pot and allowed to accumulate 
till there is enough for a repetition of the process, or lead of 
equal tenor from some other source is added. By a sufficient 
number of repetitions the liquid remainder from the last crystal- 
lisation is raised to about .500 to 600 ozs., when the process 
has to stop, the enriclied lead being cupelled. 

Interference of Impurities.— Most impurities of the work- 
lead interfere with the process, because they tend to hinder the 

* Berg- u. Huttenmannische Zeitung, 1862, p. 251. 
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formation of large crystals, besides producing a large quantity of 
dross. 

Arsenic, antimony, and tin are especially deleterious, the 
former passing chiefly into the crystals, while the two latter 
are to some extent concentrated in the liquid lead. Zinc, also, 
if present (which, fortunately, is but rarely the case), is fatal, 
causing, even in small quantities, a reversal of the pro- 
cess, the silver going into the crystals and dross, as in the 
Parkes process. Copper is largely eliminated as pot dross, but 
to a slight extent becomes concentrated in the residual lead. 
Bismuth is very perfectly concentrated in the latter (as is also 
nickel) ; upon this fact is based the Freiberg process for its 
commercial utilisation. When the lead is free from As, Sb, and 
Ou, a simple " poling " in the pot in which it is melted down 
and removal of the dross is sufficient preliminary purification ; 
but when these impurities are present it must be previously 
softened. 

There are two main variations of the process, namely, Sand 
and Steam Patiinsonisation. In the former a series of eight to 
fifteen cast-iron pots is employed ; into one of the central ones 
the lead is introduced and melted down ; it is then cooled, with 
water and by constant stirring, until crystals form, which are 
ladled out with a perforated skimmer into the pot on the right, 
while the liquid lead is ladled into that on the left. In the 
latter process, only two melting pots and a crystalliser are 
required, stirring is done with a jet of steam, and, instead of 
ladling out the crystals, the still liquid lead is drawn off' into 
moulds from the bottom of the crystalliser. This process is an 
improvement on one now obsolete, in which mechanical stirrers 
were employed. 

HAND PATTINSONISATION. 

Plant Employed. — The number of the pots employed varies, 
according to the richness of the lead, from eight to fifteen, all of 
which are arranged in a row side by side to form a so-called 
"battery." Part of such a "battery" of Pattinson pots is shown 
in Figs. 125 and 126, in which A A. are the pots, bb the fire- 
places, c a ring of brickwork which both helps to support the 
pot and separates the fireplace from the annular flue, e, round 
which the flames circulate before passing by the downtakes into 
the flues, d. It will be seen that each pot is fired indepen- 
dently of its neighbours ; all the pots are of the same size, 
except that on the extreme right, called the' "market pot," 
which, having only to receive the desilverised lead, is usually 
only two-thirds the size of the remainder. The crystals are 
removed from the pots, sometimes by perforated hand ladles, 
but more usually by larger ladles worked by small cranes. 
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Mode of Working. — Two methods are in use, called the 
method by thirds and that by eighths. In the former, two-thirds 
of the lead is allowed to crystallise and is removed to the right, 
and the remaining one-third of enriched lead, which is twice as 
rich as the original lead, or nearly four times as rich as the 
crystals, is passed to the left. In the method by eighths, 
seven-eighths of each pot is removed as crystals, and the 
remaining one-eighth of liquid alloy is three times as rich as 
the original lead. This system requires only two to six pots, 
and is suited to the treatment of very low-grade leads, as the 





Figs. 126 and 126.— Pattinson Pots. 

concentration in any given pot is more rapid ; it was formerly 
in use near Stolberg (Rhen. Pruss.) for the treatment of lead 
carrying only 16 ozs. silver per ton, the resulting market lead 
containing 6 dwts. and the enriched lead 400 ozs. per ton. 
The method by eighths is, however, complicated and involves 
the accumulation of numerous heaps of crystals in various 
stages of concentration. 

The method by thirds is the common mode and requires from 
ten to twelve, or even fifteen pots, according to the richness of 
the final lead produced. The bulk of the work-lead to be treated 
is melted down in the " charging pot," but the position of this 
charging pot in the series varies with the proportion of silver in 
the lead in silver. The pots are numbered in order from the 
market pot upwards, and the charging pot may be, in a series 
of twelve pots, anywhere between No. 6 and No. 10. At each 
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particular works the silver contents of each pot are kept as far 
as possible constant, and leads of very different grades may be 
melted down, each in that pot to which its silver contents most 
nearly approximate. The average silver contents of each pot at 
several different establishments is given in Table XXXVII. 

The pots are kept whitewashed, in order to prevent corrosion 
by the litharge which forms, as well as to prevent adhesion of 
the side crusts which collect on cooling. The lead being melted 
down in the charging pot is "dressed" with a perforated 
skimmer, sawdust being sometimes added in order to facilitate 
the drying and collection of pasty skimmings, and, if no previous 
softening has taken place, a "poling" with green wood is 
appropriate at this stage. After skimming again, the fire is 
withdrawn and transferred to some other pot which is in the 
melting-down stage, and water is sprayed on the bath from a 
hose. The crusts which form round the sides are broken off 
with a chisel-bar and pushed down again to be remelted, while 
the bath is continuously stirred in order that it may cool as 
uniformly as possible throughout. Crystals now form in the 
liquid, and are removed either by the long-handled hand-ladle, 
or by the much larger perforated ladle, which is lowered into 
the pot sideways, filled and raised. In either case after jerking 
and draining on the edge of the pot the crystals are transferred 
to the next pot "down the house " — i.e., to the right — while after 
two-thirds of the charge has been thus removed, the remaining 
one-third of still liquid lead is ladled into the adjoining pot " up 
the house " — to the left. If there is lead on hand equal in silver 
contents with that in the pots to the right and left respectively, 
a similar operation can now be commenced with each of these 
simultaneously. 

If only lead of one grade is being treated, two or more charges 
of original lead are carried through the series of pots "down 
the house," being crystallised in each pot successively before 
enough is accumulatfd for a crystallisation in the pot next 
above the charging pot. Generally speaking, at the commence- 
ment of any given campaign, all the pots on the right of the 
charging pot are about one-third full of lead, and those to the 
left are two-thirds full ; the two-thirds of crystals which pass to 
the right, and the one-third of liquid lead which passes to the 
left, then form charges for crystallisation both right and left- 
all the way down and up the series. With 12-ton pots the 
additions of original lead will be sometimes 9 tons and some- 
times only 36 cwts., according to the state of the charging pot. 

It is but rarely that lead of a single grade is treated in any 
given plant, and leads of higher or lower silver contents are 
added to that pot the richness of which most nearly corresponds 
to their own. Control of the working of the plant is kept by a 
daily or occasional assay of each pot ; if it be found that the 
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lead in the market-pot is getting somewhat too rich, the contents 
of each pot from the market- to the charging-pot are ladled 
back one step into the pot immediately above it. 

The rich lead in the last pot on the left is often still further 
concentrated, after ladling back the usual two-thirds as crystals 
into the pot below, by allowing it to cool still further, pressing 
the large perforated ladle into it so as to keep back the crystals, 
and then dipping out only the liquid portion which runs into 
the bowl. In this way the so-called " bottoms" may be as much 
as twice as rich as the crystals which are ladled back into the 
pot below. 

In another modification of the process, five-sevenths are 
removed as crystals, and two-sevenths left as enriched lead. 
This is not very different to the ordinary method of thirds ; but 
almost every works has some little peculiarity of manipulation 
in carrying out the process. 

Examples of Hand Pattinsonisation. — The hand process 
has been, at several localities, replaced by the steam-stirring 
process, but it still survives in a few localities and notably at 
several English works,* also at Linares, Freiberg, and one or 
two other places on the Continent of Europe. 

At LinareSji lead of 12| ozs. is concentrated up to 60 ozs. in 
a battery of nine pots. The average life of these pots is three 
years, and the loss of lead is about li per cent. Further 
particulars as to cost, &c., are given in Table XXXVII. at the 
end of the chapter. 

At Freiberg, } a special reason is found for retaining the 
Pattinson process in the bismuth contents of the work-lead, 
which averages 0'04 to 0'06 per cent. Bismuth, as already 
observed, becomes concentrated in the liquid lead, so that the 
original lead, containing from 133 to 257 ozs. of silver per ton, 
and 0'05 of bismuth, is concentrated in four crystallisations into 
a rich lead with 650 ozs. silver p.er ton and 0-17 per cent, 
bismuth. The impoverishment of the lead, however, is only 
carried to the point where it assays 33 ozs. silver, the further 
desilverisation of this poor lead, now containing less than 002 
per cent. Bi, being carried out by means of the Parkes process. 
The recovery of the bismuth from the rich lead during the 
cupellation of the latter is referred to in Chapter xviii. It is 
found that by the combined process there is a saving of 18 to 20 
per cent, on the total cost of desilverisation as formerly carried 
out by the Pattinson process alone, besides a better recovery of 
silver, the market lead now containing only 4^ dwts. as against 
a former minimum of 6 to 8 dwts. 

* E.g., Walker, Parkers & Co. , Deebank ; and Foster, Blaokett & Wilson, 
Newcastle-on-Tyne. 

t Oeeterreichische Zeitschrift fiir Berg- und Hiltten-wesen, 1887, p. 421 ; 
also Berg- u. Hiittenm. Zeitung, 1887, pp. 45, 192. 

tPriv. com., H. W. Pearae, Sept., 1896. 
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Cost of the Process. — This varies at different localities from 
about 7s. up to 15s. per ton, according to the poverty or richness 
of the lead treated and to the cost of labour and materials ; some 
detailed figures are given on Table XXXVII. 

Mechanical Pattmsonisation. — This modification — using a 
mechanical stirrer in a deep cylindrical pot — was introduced in 
the sixties to do away with the very heavy labour involved in 
the hand process, which is only economical where the current 
rate of wages is very low. Its complexity seemed to more than 
offset the slight economy of labour effected ; and though in 
successful use for some years at Rouen (France) and Stolberg 
(Germany), the process has been quite obsolete for the past 
twenty years. A good description is to be found in the work of 
Schnabel. * 



STEAM PATTINSONISATION. 

This improvement on the hand process, invented by Luce and 
Rozan at Marseilles, has largely displaced the older process, and 
is in use at Newcastle (Oookson's works), Marseilles, Przibram, 
and other places in Europe, as well as at Eureka (Nev.). 

Plant Employed. — The apparatus used at all the above 
places consists of two melting pans, which are used alternately, 
and a crystalliser, besides large oval moulds for the liquid lead 
of each charge, and. a steam-crane to handle the ingots of lead. 
The plant at Przibram is shown at Figs. 127 and 128. t In 
these a a are the two cast-iron melting pans, each of which, hold- 
ing 7 tons of lead, can be raised by means of the crane, so as to 
pour its contents through the spout over the inclined plate, c, 
and the trough, d, into the cast-iron crystalliser, «, which holds 
20 tons, and is covered with the wrought-iron hood and pipe,/", 
to carry off the escaping steam and fumes. Each melting pan is 
heated by a separate fireplace, g, the furnace gases passing 
either round the annular flue, h, which serves to heat the upper 
part of the crystallising pot, and so down the flue, i, connected 
with the chimney ; or, when the crystalliser is to be emptied, 
down the flue j, and along a narrow flue which runs under the 
discharging spouts k, in order to keep them hot, to the flue I. 
The furnace gases can also pass direct to the chimney through 
the flue m, their course being regulated by the dampers n and 
n'. The crystalliser itself is heated by a separate fireplace, o, 
the products of combustion circulating round the lower annular 
flue p, and thence passing to the flue I. The discharge spouts, 
k, have planed outside flanges, and are closed by means of slide 
valves working on these flanges and moved by hand levers ; 

* Op. cit., p. 570 ; see also Phillips, Elements of Afetallurgy, 1891, p. 691. 
+ Zdrahal, Oesterr. Jahrbuch, vol. xxxiv., p. 1 ; also Hofman, Metallurgy 
of Lead, 1893, pp. 302 and 303, from which this description is abridged. 
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when opened, the molten lead runs through a movable trough 
into the moulds, g, which hold over 3 tons, and into each of 
which an iron hook is inserted before tapping out the lead to 
serve as a handle for the block. 





Section (part plan) on CD. 
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Figs. 127 and 128. — Przibram Pattinson Plant. 
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The steam inlet * consists of a steampipe, r, screwed into 
a nozzle, s, provided with a plug valve, which is opened and 
closed by means of a rod, t, running through the pipe and 
screwed into the flange. The steam issuing from the nozzle, s, 
is distributed evenly through the lead by means of the perforated 
baffle plate, u. 

Mode of Working. — The lead is melted down in one of the 
melting pans, which takes six hours, drossed, and run into the 
previously heated crystallising pot by raising the back end of 
the pan with the crane. Once in the crystalliser, the fire under- 
neath is withdrawn, and the discharge spouts warmed up; steam 
is turned on for two minutes, and the lead drossed through the 
doors in the hood. The bath is stirred by means of a jet of dry 
steam at 45 lbs. pressure, and cooled by spraying a little water 
from a pipe at the top of the hood, taking care to inject only a 
little at a time to avoid explosions. After fifteen minutes the 
steam is shut off, while the crusts which have formed round the 
sides are barred off through the doors in the hood, and the 
splashes of lead on the hood are scraped down. This shutting 
off of steam is repeated about twice, and at the end of ^bout an 
hour two-thirds of the lead has crystallised. The steam valves 
are so arranged that this point is indicated simply by the resist- 
ance to the passage of the steam being so great as to pre- 
vent it from passing up through the lead, so that the cessation 
of boiling in the lead-bath indicates the completion of the 
operation. 

The steam is then shut off, the slide valves opened, and the 
still liquid lead run into the moulds with their iron eyes. The 
fire under the crystalliser is then replaced, and the remaining 
two-thirds of crystals (say, 13J tons) is remelted, which takes 
about three hours; in the meantime 6|^ tons more lead, with the 
same silver contents as that in the crystalliser, have been 
melted down in one of the melting pans, so that as soon as the 
crystals are remelted it can be run in and a new operation 
begun. The other melting pan contains lead equal in value to 
the crystals which it is expected to produce from the next 
operation, which is being melted down in readiness for the cry- 
stallisation next following. In this way each complete operation 
on 20 tons of lead takes four hours, all the work being done by 
two men per shift. The consumption of fuel for the whole 
operation is at Przibram 35 per cent, by weight of the lead 
charged. 

The products from 100 tons of previously liquated lead are (at 
Przibram) as follows : — 

* For details consult Hofman, op. cit. , p. 306. 
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TABLE XXXVI. 



Products. 


Weight 
from 100 lbs. 
Work-lead. 


Percentage 

of Total Lead 

Present. 


Percentage 

of Total Silver 

Present. 


Rich lead, .... 

Desilverised lead, . 

Scrap lead, .... 

Dross 

Flue-dust 

Loss, 

Total, 


42-99 

44-76 

3-02 

9-94 

0-46 


42-58 
45-01 
3-0.3 
8-04 
0-35 
0-99 


97-36 
0-17 
0-61 
1-45 
0-07 
0-34 


101-17 


100-00 


100-00 



At Eureka (Nev.) the crystalliser holds 50 tons of lead, and 
the moulds, into which the liquid lead is poured by a movable 
spout run on wheels, like that shown in Fig. 122, though 
enormously larger, holding in fact 3 tons each. At this works 
the lead is only enriched to about 550 ozs., as the subsequent 
enrichment is so slow and imperfect that it is not considered 
worth while bringing it any higher. 

In Table XXXVII the value of each separate crystallisation 
at Przibram and Eureka is given, corresponding with the 
separate pot-assays of the hand process. 

Compared with the hand process, the Luce-Eozan modification 
has only the disadvantages of a greater capital outlay, and 
greater cost of repairs and renewals. These are more than 
offset by the advantages, viz. : — saving of three-fourths of the 
labour, three-fifths of the fuel, and two-thirds of the dross 
produced in the old process. 

Bye-products.^The bye-products of the Pattinson process, 
besides scrap lead which is as far as possible returned to that 
part of the process to which it belongs, are only drosses of 
various degrees of richness, which are frequently collected by 
means of sawdust sprinkled on the surface of the pots. They 
are treated by running down in a reverberatory lead furnace 
with the addition of fine coal; the dross lead thus produced 
contains most of the impurities of the original lead, and has to 
be softened before submitting it to a repetition of the process. 
The average amount of pot -dross and skimmings produced 
during the Pattinsonisation of poor lead with only 8 ozs. of 
silver per ton, may be estimated at 20 per cent, by weight; with 
richer lead the proportion may reach 25 to 30 per cent. The 
actual loss of lead, however, is always small, varying from, 
perhaps, \ per cent, up to 2, or, perhaps, 3 per cent., according 
to the degree of purity. 
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CHAPTER XVII. 
THE PARKES PROCESS.' 

Influence of Other Metals. — This process, foreshadowed by 
Karsten, but only made practicable in 1852 by Parkes, is 
based upon two facts — viz., (a) the greater affinity of silver for 
zinc than for lead ; and (b) the insolubility of zinc-silver alloys 
in lead which is already saturated with zinc. The process of 
desilverisation with zinc consists, in brief, of stirring 1 to 2 per 
cent, of that metal into a bath of molten work-lead, heated to 
above the melting point of zinc (415° C), and allowing it to cool, 
■when a crust, or scum, rises to the surface containing nearly all 
the silver. A repetition of the process with a smaller quantity 
of zinc produces a lead which is practically free from silver, con- 
taining usually not more than about 4 to 6 dwts. per ton, as 
against 9 to 15 dwts. by the Pattinson process. 

Besides silver, zinc has an affinity for various other metals, and 
in particular for gold and copper, with both of which it combines 
before taking up silver. Gold is perfectly extracted by the first 
addition of zinc, and copper enters the zinc crust almost as 
readily, though not quite so completely. It is noticeable that a 
gold-copper crust, containing all but the minutest trace of the 
gold present, is formed long before the lead begins to take up 
zinc to any large extent, the gold-zinc and copper -zinc alloys being 
apparently almost insoluble in zinc-free lead, whereas it is 
impossible to produce a silver crust without first saturating the 
lead at the given temperature. Seeing that copper alloys so 
readily with zinc, it is important to purify the bullion as com- 
pletely as possible by softening and repeated drossing before 
commencing the desilverisation, as, otherwise, a lot of poor 
copper crust is formed before any silver at all can be extracted, 
thus consuming zinc and wasting time.* 

Bismuth does not at all interfere with the desilverisation, but 
antimony, in the proportion of O'l per cent., and arsenic in even 
smaller proportion, not only retard the rising ot the crusts, but 
actually prevent a clean separation from the underlying lead ; 
so that it becomes impossible to turn out market lead of only 
6 dwts. silver from work-lead containing upwards of O'l per cent, 
antimony, or 005 per cent, arsenic with only three zincings. 
Fortunately, arsenic is much more readily oxidised than anti- 

* V. Experiments by Kirchoff in Metallurgical Review, vol. i., p. 224; 
which are also quoted by Egleston, Metallurgy oj Silver, Gold, and Mercury, 
in the United States, vol. i. , p. 94. 

20 
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mony, so that it is completely removed after only eight or ten 
hours' softening, and the question practically resolves itself into 
the removal of antimony. Nickel and cobalt (if present) would, 
like copper, enter the crust, but, fortunately, both metals are 
easily removed by drossing, besides which they are of rare 
occurrence. 

Impurities in the zinc itself, such as iron, arsenic, copper, sul- 
phur, tin, &c., have the same unfavourable effect as if they were 
present in the lead ; therefore, only the best procurable brands 
of commercial spelter should be used. This fact was first made 
clear by the experiments of Kirchoff already referred to.* 

Plant Employed. — Lead bullion is always desilverised in 
cast-iron "pots," "kettles," or "pans," as they are variously 
called, which are arranged beneath the level of the softening 
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Figs. 129 and 130.— Plant for Parkes' Process. 

furnaces, and above that of the refining furnaces, or kettles, so 
as to enable the lead to be run from one part of the process to 
another without undue handling. In some of the older works 

* V. also Fiihr, Berg- u, H. Zeitung, 1888, p. 28 ; also Egleston, op. cit., 
p. 93. 
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on the Continent of Europe, Pattiuson plants have been made 
to serve for the Parkes process, with as little alteration as 
possible, and in these the lead frequently has to be pumped from 
one part of the plant to another, but in most English and Amer- 
ican works the plant is arranged in terrace form, as shown in 
Fig. 1 29. This is a sketch section of a somewhat unusual but very 
effective type of " refinery " (as the whole plant is usually called) 
arranged like that of the Broken Hill Proprietary Company at 
Port Pirie, in which the softening is performed in two stages (v. 
Chapter xv.). In this figure and in Fig. 130, which is a sketch 
plan, a represents the receiving or unloading platform, b is the 
so-called " copper," or dressing furnace, cc are " antimony " or 
softening furnaces, dd the desilverisation pots, and e the liqua- 
tion furnace for zinc crusts; j^are refining kettles, g is the casting 
pot, h the dross liquating furnace, and i the refinery blast furnace 
for drosses, skimmings, litharges, &c. ; j and k are sidings f(jr un- 
loading and loading respectively. The retorting and cupellation 
rooms are situated beyond the crust liquating furnace, in what is 
practically a separate building. 

The pots must be perfectly smooth inside, and are always of 
cast-iron unless they have to serve for subsequent refining of 
the lead, when cast-steel is sometimes employed, as already men- 
tioned.* Pots which have to serve for the whole process from 
drossing to refining, as at Lauienthal (Harz) and Tarnotdtz 
(Silesia), are made small (12 J to 15 tons) ; those for desilverisa- 
tion pure and simple are made to hold from 30 to 50 tons, and 
may last for 150 to 300 charges. The form is usually a segment 
of a sphere, and the pot is supported either by a rib cast round 
it at half its depth, or simply by its flange as shown in Fig. 109. 
A 30-ton pot is frequently 8 feet 10 inches wide by 3 feet 
4 inches deep (the radius being 4 feet 7 inches), and has a flange 
9 inches wide. Larger pots are sometimes made elliptical, like 
those of the Omaha and Grant refining works at Omaha (Neb.), 
which are about 12 feet long by 7 feet wide and 3 feet 3 inches 
deep, holding 48 tons ; but the 50-ton pots of the Balbach (N.J.) 
and Pittsburg works are round, like the 40-ton pots of the Eow- 
don (Newcastle) and Pertusola (Italy) works. 

Amount of Zinc Required.— The quantity of zinc required 
to extract the silver varies according to the richness of the 
bullion treated, though, proportionately, poor lead takes more 
than rich. Every refinery has its own table of quantities, and 
Eos wag t has attempted to deduce general formulae adapted to 
bullion of any given tenor, which do not, however, seem to have 
commended themselves to practical refiners. At Freiberg, 
Plattner % found that the following quantities are required : — 

* Chapter xv. 

t La disargenlalion des minerais deplomb, Paris, 1884, p. 241. 

+ Berg- u. HiiUenm. Zeitung, 1889, p. 117. 
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Quantity o£ Silver in Base Bullion. 


Percentage of 
Zinc Required. 


Per cent. 


Ozs. per Ton of 2240 Lbs. 


00963 
0-3825 
0-5080 
0-8400 


31-46 
124-92 
166-94 
256-79 


1-34 
1-84 
1-96 
2-45 



But much less is found sufficient in most modern refineries by 
using the crust over again, so as more completely to saturate 
the zinc contained in it. 

Reference has been made to the fact that the gold-copper 
crust is formed without saturating the lead-bath -with zinc. A 
very small proportion of zinc is, therefore, sufficient for the first 
or "gold-zinc" addition, as little as 0-10 to 0-12 per cent, by weight 
being found sufficient for properly softened bullion containing 
not over 8 dwts. gold per ton,* and subsequent additions are 
directed solely to the removal of silver. Occasionally, when 
the bullion contains a large quantity of gold, and is practically 
free from copper, no separate gold crust is matle, but, in that 
case, all the silver produced from the silver crust has to be 
parted for gold, and it is far preferable to extract the gold first 
in as concentrated a form as possible ; this is the almost 
universal modern practice. 

When a gold crust is first taken ofi", the additional zinc, for- 
bullion of 3uO ozs. and ujiwards per ton, is occasionally added 
in three portions (viz., two-thirds, one-fourth, and one-twelfth 
respectively of the total) ; but with ordinary bullion of 150 
to 300 ozs. per ton, the work is almost always done with two 
silver-zincings of about equal amount, say 0-8 to l-Qper cent, 
each of the weight of lead under treatment, of which only the 
second is fresh zinc. Low-grade bullion of less than 125 ozs., 
if sufficiently softened, can be perfectly desilverised with only 
two zincings, yielding one gold and one silver crust. The first 
silver crust from rich bullion should contain from 2000 to 4000 
ozs. per ton at least, and leave the lead with 30 to 90 ozs. per 
ton ; the second crust will run from 200 to 700 ozs., and leave 
a very poor lead ; while, if a third addition is required at all, 
the resulting crust will contain only an ounce or two of silver. 

In any case only the first crust is liquated ; those obtained 
from subsequent zincings contain much free, zinc and are 
returned to the pot as the first zincing of the next followino- 
charge. 

'Private notes, Port Pirie, 1896.| 
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Process of " Zincing." — The pot, having been whitewashed 
and heated up to the temperature at which a splinter of wood 
will ignite, is filled with lead by tapping from the softening 
furnace direct, or by syphoning from a "collecting pot" in which 
it has been drossed, if such is employed. When it is tapped 
direct from the furnace a gutter of angle-iron is employed, which 
emi)ties into an iron pipe reaching to the bottom of the pot, so 
as to produce as little oxidised dross as possible. In American 
works the lead is usually drossed at once after addition of 
any liquate 1 lead from gold crusts of previous charges. Unless, 
iowever, the collecting pot has been employed, it is much better 
to allow the lead to cool in the pot so as to skim oflf as much 
•copper dross as possible before commencing desilverisation, 
as this plan pei'mits the complete extraction of gold in an 
abnormally small weight of gold crust. After drossing, the bath 
is heater! up to about 450° C, and the first addition of zinc is 
made. The zinc is usually employed in slabs which are simply 
melted down on top of the lead and stirred in by hand. At 
some works, however, it is put in a perforated iron box, which 
is held at the bottom of the pot by an iron rod until the zinc 
has melted out of it in little streams which can be easily mixed 
with the lead ; at others, again, it is melted separately and 
poured into the lead, the object in both cases being to avoid 
oxidation. 

However it is melted down, the zinc must be very thoroughly 
stirred in, which takes thirty to forty minutes ; this may be 
done in two ways : — 

Hand Stirring is done by means of a circular perforated sheet- 
iron disc ("paddle") attached to a 6-foot handle with a crosspiece. 
Two men on opposite sides of the pot lower their paddles down the 
sides and raise them in the middle, so producing an upward 
current in the centre of the lead-bath ; the operation is most 
fatiguing and many attempts have been made to replace it by 
steam stirring, which, however, has the grave disadvantage of 
producing a more oxidised and poorer crust ; on this account a 
majority of the best and most modern works still adhere to 
hand stirring. 

Steam Stirring is done by means of a steam pipe reaching down 
vertically some 2 feet into the centre of the pot. The steam 
must be perfectly dry in order to avoid explosions, and, there- 
fore, steam traps for condensed water are provided ; and the 
pijie must be thoroughly warmed up before lowering it into the 
pot. At, or a little above, the melting point of zinc (415° C.) 
there is comparatively little oxidation of that metal, though at 
temperatures much above 450° (at a cherry red for instance) 
oxidation is very rapid. As soon as the steam is turned on it 
produces a downward current in the centre of the bath, but the 
bubbles drive away the molten zinc together with the incipient 
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crusts to the sides, whence they are continually pushed towards 
the centre by a wooden hoe. 

When the "stirring in" is completed, or somewhat before, 
the fire is damped down with wet slack and the doors opened 
so as to cool the pot, and, if steam has been used for stirring, 
it is blown through the lead a little longer with the same object. 
After about two or two and a-half hours the surface crust formed 
begins to adhere to the sides of the pot, and is then removed by 
means of a perforated skimmer with a long gaspipe handle 
worked upon the edges of the pot as a fulcrum, or suspended by 
a hook, which serves the same purpose. At the Pueblo Smelting 
arid Refining works (Pueblo, Colo. ) the Howard skimmer * is 
used, which consists of two semi-circular perforated plates hinged 
in the centre, like a "butterfly valve," and folding downwards. 
In this condition they are lowered into the lead ; they are then 
unfolded just under the crust, and raised with it above the level 
of the bath to drain. The crust must be very thoroughly drained 
and shaken free from lead before turning into the liquating 
kettle or into a cast-iron mould. That part which adheres to 
the sides of the pot is then barred off with a long steel chisel, 
and the operation of skimming repeated till no more crusts 
form. About eight samples of one A.T. are then taken and 
cupelled ; the silver beads are added together and parted to see 
if all the gold has been removed. 

In the meantime the pot is heated up, liquated lead from the 
first silver crust of the preceding charge is added, and, as soon 
as hot enough, the first silver-zinc is stirred in. This consists of 
the second (and third, if any) silver crust from a previous 
operation which contains much free zinc, and a little fresh zinc, 
if necessary, to make up the amount required. The operation 
of collecting and removing the silver crust is exactly similar to 
that described for the gold crust ; the crust is generally poured 
and pressed into moulds, so as to be conveniently handled and 
charged into the liquation furnace. 

The lead, now containing from 30 up to 90 ozs. silver, is again 
sampled and treated with zinc for a second silver crust, which is 
also generally moulded, or simply deposited on an iron plate 
close to the pot to wait for the next charge. If, after removing 
this second silver crust, the lead still contains ^ oz. or so of 
silver per ton, the necessity for a third zincing can be avoided 
by blowing steam through the pot for half an hour or more, 
which causes a small additional formation of zinc crust carrying 
silver, and reduces the silver contents of the lead to 3 or 4 dwts. 

Time Required and. Fuel Consumed. — The time required 

for each melting and stirring averages half an hour to an hour, 

cooling two to three hours, removal of crusts half an hour to an 

hour, re-heating one and a-half hours to two hours, so that five 

* V. Hof man. Mineral Industry, vol. ii. , 1893, p. 40. 
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to six hours may be reckoned as the average time for each com- 
plete zincing. With three zincings giving one gold and two 
silver crusts, ordinary bullion can be desilverised in about fifteen 
hours, including running the lead into the pot and syphoning 
it off afterwards. The Port Firie practice, subsequently de- 
scribed, of doing the work very slowly has many advantages. 

The consumption of coal for desilverising and liquating the 
crusts is about 54 lbs. per ton of original base bullion * ( = 241 
per cent, by weight). At some of the refining works in Chicago, 
crude petroleum oil, sprayed by means of compressed air, is used 
as fuel, and is said to be more economical than coal, as well as 
affording the convenience of being extinguished and relighted in 
a moment, which accelerates both the cooling and the re-heating. 
Natural gas has also been used at Pittsburg with the same 
objects and similar results. 

Examples of Desilverising Practice. — At Freiberg, t lead 
which has been already partially desilverised by the Pattinson 
process and still contains O'l per cent. Ag (32J ozs. per ton), is 
desilverised in 20-ton kettles with three additions of zinc, 
together amounting to 1 "485 per cent, of the weight of lead. The 
first addition carries off the gold and brings down the silver 
contents to 8 ozs., while the second reduces it to below 13 dwts., 
and sometimes to as little as 6 dwts., in which case the third 
addition is dispensed with. 

At the Fort Firie refinery, f where 500 tons of lead per week 
are desilverised, the plant consists of four desilverising pots of 
30 tons capacity, and the bullion treated averages 300 to 330 ozs. 
silver, with about 5 dwts. of gold per ton. Only three zincings 
are given, and the last of these leaves the lead with only about 
6 dwts. silver per ton. The lead is tapped direct from the 
softening furnace into the zincing pot, where it is allowed to 
cool for three hours in order to admit of a further dressing which 
mucli facilitates the clean separation of the crusts, especially of 
the gold crust. The amount of "pot dross" removed averages 
about 200 lbs., containing 210 ozs. Ag, 96 per cent. Pb, and 2 
per cent. Cu, which is treated together with that produced in 
the first dressing furnace. 

The temperature is then raised, and the gold-zinc stirred in. 
In the first instance, on starting a new campaign a single 
addition of 75 lbs. zinc is used and is found to extract all the gold. 
The crust obtained from this very thoroughly softened bullion 
is found to be still capable of withdrawing most of the gold from 
a second charge of lead,' although the total amount of zinc added 
is not more than one-tenth the amount required to saturate the 
lead. It is, therefore, returned to the next potful of lead 
ready for treatment, from which nearly the whole of the gold is 
extracted, and the enriched (because twice used) gold crust is 
* Hofman, Metallurgy of Lead, p. 337. fPrivate notes, 1896. 
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set aside until sufficient accumulates for a charge in the liquation 
furnace. This second pot, however, still retains a trace of gold, 
so that a second addition of 50 lbs. of fresh zinc has to be stirred 
in to clean it. The resulting skimmings, which contain most of 
the added zinc still free, serve as first addition to the next 
following charge, so that each charge is treated twice for gold, 
viz., first with once used zinc skimmings, and then with 50 lbs. 
of fresh zinc. In this way only 50 lbs. of fresh zinc are required 
for each charge of lead, and a rich gold crust is obtained from 
poor lead at the expense of only a slight delay. 

The perfection of the extraction of gold with this exceedingly 
small quantity of zinc (only 07 per cent.) is remarkable, the 
lead retaining only about 4 grains per ton, or, say, 1 oz. per ton 
of silver contained in it, and the Port Pirie practice would seem 
to be a great improvement on the American practice described 
by Hofman,* in which 250 to 300 lbs. of zinc are required to 
obtain a gold crust from bullion of the same richness in gold. 
It depends entirely, however, upon a much more thorough 
dressing and softening than is usual in America, and the only 
possible objection, the greater time it requires, is obviated by 
the simple expedient of distributing an amount of work usually 
performed in two desilverising pots over a plant of three, or the 
work of three over four pots, without any increase in the labour, 
or in wear and tear of pots, and with practically no increase in 
the consumption of fuel. 

After removal of the second or intermediate gold crust, the 
lead is again heated up, and the first silver-zinc stirred in ; this 
consists of some 3 or 4 tons of lead-zinc-silver alloy with about 
10 per cent. Zn, and about 700 ozs. Ag per ton, obtained as the 
second silver crust from the previous charge cast into moulds, 
and stacked by the side of the pots. This is stirred in very 
thoroughly by hand, and the pot is allowed to cool, the crusts 
which then rise being skimmed off by hand, drained over the 
pot, and cast in moulds. The whole process of heating, stirring 
in, cooling, and removing the principal silver crust takes about 
eight hours, the full plant of four pots being worked in a 
leisurely manner, cooling very thoroughly, by a gang of five or 
six men ; this plan has been found to give the best results with- 
out consuming any more fuel. 

When no more crust rises, the lead (now carrying 90 ozs. per 
ton) is reheated, and the second silver-zinc, consisting of 825 lbs. 
of fresh zinc, stirred in. After cooling and skimming the second 
crust, which is moulded and stacked for the next charge, the 
lead rarely contains above 6 dwts. Ag per ton. It is at once 
syphoned ofi' by the ordinary Steitz syphon into the refining pots 
below. Occasionally, when the lead has been less thoroughly 
softened than usual, it still retains, after the second zincing, from 
* Op. cit., p. 328. 
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^ oz. to 1 oz. silver, and in such cases a third zincing is given, 
using a small quantity only of fresh zinc, which is stirred in and 
removed at the lowest possible temperature, so as to clean the 
lead as thoroughly as may be. 

The crusts average, after liquation, gold crust, 750 ozs. Ag, 13 
ozs. Au, 4 per cent. Zn ; silver crust, 4300 ozs. Ag, 17 per cent. 
Zn. The pots used at the works (and cast locally) last, on an 
average, during the treatment of about 150 charges. The con- 
sumption of fuel is about 18 J cwts. of coal per charge treated, 
or, say, about 2-65 per cent, of the weight of the original base 
bullion. The total amount of zinc used is 1*34 per cent. 

Some data of desilverising practice at various localities are 
given in the following table : — 

TABLE XXXVIII.— Comparative Data from 
Desilverising Plants. 





Lauten- 
thal, 
Upper 
Harz. 


Tarno- 
witz, 
Upper 
Silesia. 


Fiei- 

berg, 

Saxony. 


Port 
Pirie, 

S.A. 


Beference, .... 


I. 


2. 

m 

16 

I'-b'o 
"2 

22 
7^4 


S. 


4. 


Capacity of desilverising pots, . . tons, 
Silver contents of lead, ozs per long ton. 
Weight of first zincing, . . lbs. 
„ second „ . . , ,, 
,, third ,, . .11 
Total weight of zinc employed, . per cent. , 
Value of gold crust, Au, . ozs. per ton, 

)» jj Ag, . ,, 
Value of first silver crust, Ag, „ 
„ second „ „ ,, 
Silver contents, lead after first zincing, ozs., 
second „ 
third ,, dwts.. 
Total time in desilverisation pans, hours. 
Coal consumption, . . . per cent., 
Gold contents, original lead, . dwts. , 
Percentage of gold crust produced, 

,, silver crust produced, . 
Life of pot, charges, 


124 

49 

49 
110 
180 
1-21 

48 

6 

3 

15i 
9-76 

6 


20 

33 
220 
165 

88 

1-00 

5 

1486 

"s 

13 dwts. 

4 

20 

"2i 
2-25 


30 

330 

75 

-825 
1 
1-34 
13 
1000 
3750 
700 
305 
90 
6 
22-24 
3 
6 
0-091 

160 



Meferences. — land 2. Schnahel, Handbuch der Metallurgie, vol. i., pp. 540 
and 541. 3. Plattner, Oesterr. Zeitung f. Berg- und Hiittenweien, ISST , p. 
421. 4. Private notes, 1896. 



Composition of Zino Crusts. — Before liquation, it is difficult 
to determine the average composition of these, owing to the lead 
which they retain mechanically ; even after liquation some free 
lead still remains, being prevented from running together by 
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films of zinc, lead, and other oxides between the globules. 
Besides gold, silver, copper, iron, ifec, tellurium, if present, 
becomes concentrated in the silver crust,* finding its way into 
the retort bullion, and, finally, into the last litharges, where no 
doubt it exists as a tellurate of lead. 

The following table shows some analyses of zinc crusts : — 

TABLE XXXIX.— Composition of Zinc Crusts. 









Liquated Silver Crusts. 


Port Pirie, 1S97. 




si 

< 


1§ 

r 


li 


1 


Gold 

Alloy, 

after 

Liquation. 


SUver 

Alloy, 

after 

Liquation. 


Reference, 


1. 


2. 


3. 


4. 


6. 


6. 


Pb, . 


75-675 


77-820 


45-48 


53-20 


85-0 


68 


Zn, . 




11-78 


12-11 


35-45 


39-70 


4 


17 


Cu, . 






1-12 


0-82 


2-3 


2-68 


5-5 




Ag, . 






1-855 


2-42 


1-5-1 -7 


4-55 






aI, . 






tr. 


tr. 










Sb, . 










0-36 


... 


... 




Cd, . 






tr. 


tr. 










Ni, . 






tr. 


tr. 










Fe, . 










128 


... 






PbO, 






4-75 


4-00 










ZnO, 






0-60 


0-44 










BiA. 






.-72 


0-37 


• ■• 








SbA. 






0-63 


0-98 


... 




... 




FejOs, 






1-87 


1-04 


... 




... 




Ag, ozs. per ton. 






... 


... 


750 


4300 



References. — 1 and 2. Zeitsch.J. d. B. H. u. S. W. i. P., vol. xxxviii, p. 262. 
3 and 4. Ihid. , vol. xxxiv. , p. 92. 5 and 6. Private notes. 



Use of Aluminium-Zinct — Not only is the lead contained in 
the zinc crust prevented from liquating out perfectly by the films 
of zinc and lead oxides, but the perfect collection of the zinc-silver 
alloy is also impeded by these same films, and this is the principal 
reason why it is not possible to desilverise with a single addition 
of zinc. At temperatures up to 500° the lead will not dissolve- 
sufficient zinc to carry up all the silver present, and if it be 
attempted to raise the temperature to 700° with the idea of dis- 
solving the whole quantity of zinc at one operation, so much 

* Heberlein, Berg- u. H. Zeitung, 1895, p. 41. 

t E. and M. J., April 4, May 16, 1891, also Sept. 2 and Dec. 12, 1893. 
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oxide, both of lead and zinc, is formed that liquation is impossible 
and a great deal of the silver remains in solution, instead of 
going into the crust. Any addition, therefore, which tends to 
prevent oxidation of the lead-bath during the progress of 
desilverisation will facilitate the operation and yield a richer 
crust. Such a substance was found by Eossler and Edelmann* 
in aluminium, one-half per cent, of which completely prevents 
oxidation of zinc at the ordinary desilverising temperature, while 
even the amount of 0-007 per cent. Al by weight in the lead-bath 
which is being desilverised — if free from copper and arsenic, and 
very low in antimony — practically protects it irom oxidation, the 
surface remaining bright and metallic. 

Antimony, in the proportion of 0-1 per cent, or less, does not 
interfere ; 1 per cent., however, interferes very much with the 
separation, besides causing a high zinc consumption. In the pre- 
sence of so little as 0-1 percent, oi copper, however, or 0-05 per cent, 
of arsenic, the protective influence of aluminium disappears, and 
oxidation takes place, with consequent incomplete separation of 
the crust from the lead. All lead bullion, therefore, which is 
not very thoroughly softened requires to be further purified by 
means of a copper-zincing before adding the aluminium-zinc alloy. 

In practice, the Al-Zn alloy, with | per cent. Al, is produced 
by melting the zinc and stirring in the aluminium ; this molten 
alloy, in quantity sufficient to extract all the silver present, is 
poured into the lead-bath, previously freed from copper and 
arsenic and thoroughly stirred at a temperature somewhat 
over 500° C. As the bath cools, two successive crusts are 
removed, the first (called the "cream crust") containing most of 
the oxidised material, and resembling ordinary crusts in appear- 
ance ; while the second, though richer in metallic lead, is almost 
free from oxides, and carries most of the silver. 

At Hohoken, near Antwerp,! where this process is carried out 
on base bullion varying in richness between 50 and 300 ozs., the 
" cream " or first portion of the crust is from 1 to 5 per cent, of 
the weight of lead treated, the second portion being from 5 to 9 
per cent, by weight, according to the silver contents of the 
bullion. Both crusts are liquated separately, and, after giving 
up about 76 to 80 per cent, of their weight as liquated lead, the 
residues are melted down together, yielding a rich zinc-silver 
alloy and an oxidised crust. The former only is perfectly melted; 
it has a silver-grey colour, a tine-grained fracture, and is free 
from the iridescent oxidation colours seen in ordinary zinc crusts. 
It contains 20 to 35 per cent. Ag, 3J to 5 per cent. Fb, li to 4r| 
per cent. Cu, and 60 to 70 per cent. Zn, besides traces of Al, Sb, 
As, and Fe; the oxidised crust iontains 2 to 6 per cent. Ag only. 

* Ibid. 

+ Schnabel, Handhuch der Metallhilttenkunde., vol. i. , p. 576 ; also E. and 
Ml J., Sept. 2 and Deo. 12, 1893. 
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The higher percentages of silver above given are only found 
when treating rich bullion. 

Wlien treating low grade Mazarron bullion, averaging 49 ozs. 
silver per ton, which is first softened by steam in the same pot 
in which desilverisation takes place, the total consumption of 
zinc is 1-42 per cent. Of this amount, 20 per cent. (0-29 per 
cent, on the lead) is added at first, and a gold and copper crust 
removed; then the remainder {1-13 per cent, on the lead), pre- 
viously alloyed by melting with 05 per cent. Al, is poured in 
after heating the bath. On this poor lead the " cream " crust 
amounts to 1| j)er cent, only by weight, and yields on liquation 
62 per cent, of lead, 4 per cent, of rich alloy, and 34 jier cent, of 
oxidised crust; the second, or "rich," crust yields 87-7 per cent, 
of lead, 9 '8 per cent, of rich alloy, and only 2 '5 per cent, of 
oxidised crust. 

The weight of each kind of product obtained from 100 parts 
of unsoftened or original base bullion, and the percentage 
proportions of silver and lead contained in each are given in the 
following table : — * 



TABLE XL. — Products of Desilverisation with 
Aluminidm-Zinc. 







Weight 
of each 
Product. 


Proportion of Values. 




Lead. 


Silver. 


Refined Lead, .... 

Softening dross. 

Skimmings and pot dross. 

Copper crust, 

Rich silver-zinc alloy. 

Oxidised crust, . 

Loss, 




90-7 
1-4 
4-6 
2-9 
0-6 
0-7 


90-7 
1-Ot 
4-Ot 
2-1+ 
0-02 
0-50 
1-68+ 


trace 
1-3 

trace 
9-9 

78-9 
9-9 

none 






100-9 


100-00 


100-0 



According to Roswag, the average loss in the ordinary 
desilverisation process without aluminium is 1-60 per cent, of 
the lead, and 0-3 per cent, of the true silver contents of the lead; 
most refineries, of course, show an overplus of silver caused by 
loss in the ordinary commercial assay of the base bullion. 

treatment of zinc crusts and alloys. 

All crusts are separated as fa** as possible from adhering lead 
by liquation before being further treated; this may be done 
either in kettles or in furnaces. 

* Adapted from Schnabel, op, cit., p. 577. t Approximations only. 
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Iiiquation in Kettles or Pots. — In this system each desil- 
verising pot has by its side two smaller pots.* The American 
liquation kettle is always made with a convex bottom, as shown 
in Fig. 131a, but on the Continent the form shown in Fig. 1;U6, 
is often used.t The liquation pot, of whatever form, must be 
heated very gradually, otherwise some of the zinc crust will be 
re-dissolved in the liquated lead. When no more lead exudes,, 
that which is liquated is tapped into the liquated lead pot set 
below, and the crust is withdrawn and broken up, while still hot 
and brittle, into small pieces 




Figs. 131a and 1316.- 

Kettle. 



Fig. 131a. 



Ficr. 1316.. 



-Liquation 



for subsequent treatment. 
This is done by bruisiog and 
cutting it with a shovel, or by 
forcing it in a pasty condition 
through an iron grating. 

The liquated lead amounts 
to from 40 to 60 per cent, by 
weight of the crust charged ; 
that from the gold crust 
assays 100 to 250 ozs. silver 
per ton, and is added to 
the desilverising pot before 

the gold-zinc of the next charge ; that from the silver crust 
assays 30 to 40 ozs , and is added to the next charge before the 
first silver-zinc. At Freiberg the liquated lead from a crust 
containing 1200 ozs. silver, which leaves the pot lead with 
8 ozs. Ag., runs itself only 11 ozs. It may be stated, as a 
general rule, that when liquation is performed carefully, whether 
in pots or in iurnaces, the liquated lead will run from 30 to 40 
per cent, higher in silver than that left in the pot from which 
the crust was removed. 

Liquation in Furnaces. — The liquation kettles are con- 
venient for small works, but at large establishments they are 
advantageously replaced by furnaces, which treat all the crusts 
from several desilverisation pots. This simplifies the work at 
the latter, besides giving more uniform results. The reverbera- 
tory has the further advantage that a reducing flame can be 
employed, so avoiding the partial oxidation which takes place in 
the pots, and, when not over-driven, it extracts from the crust a 
larger proportion of poor lead, so yielding a richer liquated 
crust. 

The liquating furnace at Port Pirie (S.A.) is shown in Figs. 
132 to 134, in which a is the fireplace, h the bridge, with an air- 
cooled casting in the centre, and H the trough-shaped hearth, 
composed of a single course of firebrick inclined towards the 
centre and lengthwise towards the lead kettle c. The whole 
hearth is built in a wrought-iron pan, which rests upon a course 

* From Hofman, op. cit., p. 330. t Schnabel, op. cit., vol. i., p. 544. 
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of old rails supported by brick pillars, so as to be air cooled, and 
there are two working doors, d, besides tbe tapliole opening, e. 
The same down-cast flue, /, serves for both the furnace itself 
and for the auxiliary fire beneath the kettle, in which the 
liquated lead is kept hot so as to be ladled when convenient. 




te 



<1t 

I 



^^^^^^ 



. . . jy^ 




Fig. 133. 
Kgs. 132 to 134. — Port Pirie Liquation Furnace. 



The charge of this furnace is about \\ tons of zinc crust, which, 
with the help of constant rabbling and a smoky ilame of uniform 
temperature, is liquated in four hours, the lead accumulating in 
the lower part of the hearth, from which it is tapped out about 
twice a shift into the kettle. At first the charge is deposited 
chiefly at the lower or cooler end of the hearth, and is only 
drawn upwards nearer the fire as it loses lead and becomes more 
infusible. Tbe daily capacity of the furnace is about 9 tons of 
crust, the output of liquated lead is about one-third of the weight 
of crust charged, and its silver contents average, as already 
stated, about 40 per cent, more than that of the lead left in the 
pot from which the crust was removed ; thus, at Port Pirie, the 
liquated lead from the silver crust averages about 120 to 130 ozs., 
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while that from the gold crust averages only about 210 ozs. 
per ton. 

The liquation furnaces in American works are generally 
similar to that just described. The coal consumption in liquation 
is not generally accounted for separately ; it will not average ^ 
per cent, on the weight of bullion treated. 

Treatment of Liquated Zinc Crusts. 

The original method of Parkes (1852-59) was to distil off the 
zinc in an ordinary Belgian furnace, but the retorts would not 
stand, and the process had to be abandoned for a time. Of late 
years, however, chiefly owing to the introduction of plumbago 
retorts and of improved furnaces, this process has again come 
into vogue and has, to a great extent, displaced other methods, 
except in a few localities. Three principal processes may be 
distinguished, the object in each being to separate the zinc and 
leave the silver in a rich lead suitable for cupellation. 

1. Flach's process of smelting the liquated crusts with ferru- 
ginous slags in a cupola and driving off the zinc into the slag 
and flue-dust. 

2. Corduries' process of oxidising the zinc, together with part 
of the lead, by means of steam at a red heat. Zinc may be 
recovered as basic carbonate by means of Schnabel's process. 

3. Parkes' process of distilling off the crusts and recovering 
most of the zinc as metal. 

Besides the above processes for the treatment of ordinary zinc 
crusts with from 4 to 13 percent, of silver, two special processes, 
applicable only to the treatment of the rich zinc-silver alloy of 
the Rossler aluminium-zinc process, must also be briefly referred 
to, viz. : — 

4. The sulphuric acid process ; and 

5. The electrolytic process, in which the zinc is recovered as 
very pure metal. 

1. Flach's Process. — This process was in use many years 
ago at several works in England and on the Continent, including 
the Mechernich works. It consisted in smelting down the crusts 
(in a low square furnace or cupola of 4 to 8 square feet sectional 
area and not over 8 or 9 feet high, provided with exterior 
crucible) together with tap or puddle cinder as iron flux to help 
to carry off the zinc, and sometimes lead matte.* The blast re- 
quired is of considerable volume, but low pressure (under ^ inch 
mercury). Any copper in the crust is taken up by the matte, 
while the silver goes into the lead. None of the zinc, however, 
is recovered, and the losses of lead and silver in flue-dust and 
foul pasty slags are considerable ; the process has, therefore, been 
almost superseded by the distillation process hereafter described, 
* Hofinan, op. cit., p, 348. 
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as regards the treatment of silver crusts. At a few places, how- 
ever, it is still used for the treatment of gold-copper crusts poor 
in silver, for the bullion obtained by distilling them is very 
coppery ; whereas by smelting them with matte a comparatively 
soft and easily cupelled bullion is obtained. 

2. Corduries' Process. — This process, first used at Havre in 
1866, is still to be found in a few English and Continental works, 
notably, in the former. Walker Parkers' Flintshire works, and, in 
Germany, at Altenau and Lautenthal (Harz). 

TABLE XLI. — Products from Corddries' Process. 







Mch Lead. 


Rich Oxides. 


Flue-Dust. 




Altenau. 


Lautenthal. 


Altenau. 


Lautenthal. 


Lautenthal. 


Pb, . 


96\i448. 


95-1404 


37-845 


30-065 


0-71 


PbO, 








3-2 -14 


36-87 


28-20 


Zn, . 




0-0027 


0-0023 


1-35 


1-90 


012 


ZnO, 








23-37 


23-24 


69-60 


Cu, . 




0-8279 


0-4645 


1-12 


1-24 


0-17 


Ag,. 




2-4100 


3-6500 


1-245 


1-855 


0-03 


Bi\ . 




0-0142 


0-0169 








BiA: 








6-43 


6-44 




Sb, . 




0-3914 


0-7201 






6'-i7 


SbjOs, 








i-be 


6-57 




AS2O3, 








tr. 




tr. 


Fe'. 




0-0054 


0-0044 








FeoOj, 








i-44 


3-82 


6"-34 


ALA, 












0-24 


Cd,. 




tr. 


tr. 


tr. 


tr. 




Ni, . 




0-0036 


0014 


tr. 


tr. 




Insoluble, 










6-42 






100-0000 


100-0000 


lOO-OOO 


100 000 


100-00 



The same apparatus is employed as for softening and refining 
the base bullion.* The charge of zinc crust is 10 tons, which, 
owing to its semi-oxidised condition, takes eight hours to melt 
down. As soon as it reaches a cherry-red heat, dry steam, at 30 to 
40 lbs. pressure, is turned on and blown through for about four 
hours. Large quantities of zinc and lead fume (containiug some 
silver) are given off and drawn by means of a steam jet through 
a suitable series of condensing pipes, which must be water sealed 
in order to avoid explosions, as the steam becomes partially 
dissociated, and the escaping gases contain some oxygen as well 
as large quantities of hydrogen. The pots are rapidly eaten 
away, only lasting, as a rule, for twelve charges. The consump- 

' V. Figs. 109 and 110 and accompanying description in Chapter xv. 



THK PAEKE8 PROCESS. 321 

tion of fuel is 13 per cent. — viz., 9 per cent, for heating the pots, 
and 4 per cent, for production of steam. The products are about 
equal parts by weight of rich lead and of rich oxide, which floats 
on the top and is skimmed off, besides flue-dust, the amount of 
which is not stated. Their composition is given in the above 
Table XLI.* 

The rich lead is cupelled direct, the flue-dust is leached with 
dilute sulphuric acid to dissolve out the zinc, leaving the silver 
in an insoluble plumbiferous residue for further treatment. The 
oxidised portion was formerly added, a portion at a time, to the 
rich lead during cupellation, by which means the greater part of 
its silver contents became concentrated in the lead, while the 
oxides removed from the furnace were subsequently smelted 
with lead ores to recover the remainder. By this process, 
however, not only was the zinc all lost, but the volatilisation 
loss of silver was very high. Nowadays, at Lautenthal, the zinc 
oxide is first removed by Schnabel's process, when the residue 
is very perfectly absorbed by the lead-bath in cupellation. 

2a. Schnabel'S process,! in brief, consists in dissolving out 
the zinc (and copper) oxide by means of a cold 9 per cent, 
solution of ammonium carbonate, in revolving cylinders holding 
1 to 1^ tons, the operation taking twelve hours. The mass is 
passed through a filter press, which retains the lead and other 
oxides and the silver; the solution, containing only zinc and 
copper in solution, passes to a second revolving cylinder, in 
which it is treated with metallic zinc to precipitate the copper ; 
and then to iron stills, in which it is boiled with steam. The 
zinc is precipitated as basic carbonate, while the ammonia and 
one-half the carbonic acid are expelled and condensed in a series 
of iron Woulff's bottles, through which carbonic acid gas from 
burning luel is also passed to make up for that removed by the 
precipitate. The basic carbonate is converted in small rever- 
beratory furnaces into white zinc oxide, which, however, is 
inferior in covering power to that produced by sublimation. 
The consumption of coal is 1 to 1^ tons per ton of oxides 
treated. 

The advantage of the process consists rather in the decreased 
loss of silver J than in the value of the zinc oxide produced, 
which is not suificient to cover the cost of treatment. The 
process is now also in use at Hohoken (Antwerp), for treating 
the oxidised portion of the rich aluminium-zinc crusts after 
liquation. The residues are scorified on a lead-bath and the 

* The composition of the original crusts is given in Table XXXIX. ; the 
present analyses are from Schnabel, op. cit., vol. i., p. 562. 

+ Preusa. Minist. , Zeitschrift fur Bery- HiUten- und ScUinen- Wesen, Bd. 
xxviii., 1880; also Schnabel, op. cit., pp. 564-571. 

J The silver extracted is usually 14 to 2 per cent, above the contents of 
the oxides as shown by ordinary assay. 

21 
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resulting slag does not contain over 0-06 per cent, silver (say 20 
ozs. per ton), whereas the slags produced by scorifying the 
oxides in their orifjinal condition without previously extracting 
the zinc, contained at least 0-3 per cent, silver (say 100 ozs. per 
ton). 

3. Parkes' Distillation Process. — This process, since the 
introduction of plumbago retorts by Morgan in England, and, 
subsequently, by Balbach in America, has become well-nigh 
universal for treating zinc crusts. It offers the following 
advantages : — (1) Quick yield of practically all the silver in the 
form of rich lead; (2) simple and inexpensive plant; and (3) 
recovery, in a metallic condition for re-use, of 60 per cent, of 
the zinc originally used in desilverisation. 

Furnaces Employed. — At most refineries in England and on 
the Continent fixed furnaces are preferred, but in America, 
where saving of labour is the great desideratum, the tilting 

furnace of Faber dii Faur, 
used at Mechernich and at 
one or two other places in 
Europe, is almost universal. 

Of fixed lurnaces, three 
principal forms may be men- 
tioned, the first of which is 
adapted either to direct or to 
gas heating, the other two 
being invariably heated by 
flame from a separate fire- 
place. In all the illustra- 
tions the same lettering is 
employed to facilitate refer- 
ence. 

a. The Morgan furnace is, 
perhaps, the most commonly 
employed at English refineries 
as well as at Freiberg. Its 
construction is plainly shown 
in Fig. 135. The plumbago 
crucible R, 22 inches high, 
15 inches diameter, and 2 inches thick, holding 5J gallons, 
is provided with a hood and pipe (3 inches diameter) of the 
same material, to the latter of which is adapted a sheet- 
iron condenser, c. The fireplace, h, is packed with coke all 
round the crucible, which rests on a firebrick pillar, and the 
top of the furnace is removed by a chain and tackle, as 
required, while the products of combustion escape by the 
flue /. The charge is about 5 cwts. of crust, taking eight 
hours to work oiF, and the crucible lasts for forty to eighty 
charges. The zinc is removed from the condenser in the form 




I I I 



Fig. 135. — Morgan Furnace. 



THE PARKES PROCESS. 



323 



of a lump. The rich lead is dipped out by means of a small 
pot-ihaped di|)per attached to a loug handle. Other particulars 
are given in Table XL II. 

b. The Continental tube-retort furnace, shown in Figs. 136 and 
137,* in which RE, are the retorts, c a condenser, b the gas 
producer, and oo channels underneath the hearth of the furnace, 
through which heated air is admitted to the heating or com- 
bustion chamber. Furnaces of this description are in use at 
Sma, /Jraubach, Tarnowitz, and other places in Germany, also at 
Hoboken (Belgium). The retorts may be of plumbago, or, more 





Figs. 136 and 137.— Tube Retorts. 



simply, of mixtures of clay and coke, which, with care in use, 
last almost" equally well. As many as five retorts are placed 
side by side across the hearth of a reverberatory. Retorts have 
been made 2 feet in diameter to hold as much as 1 ton each, 
but the best results are given by small retorts holding about 
5 cwts. each. The condensers are of fireclay and plumbago, and 
the rich lead, after the retorting is completed, is tapped from 
the bottom of the inclined retort into small moulds. The 
distillation lasts twelve hours, and each retort lasts from 60 to 
130 charges. Other particulars are given in Table XLII. 

c. The flame-heated bottle-retort furnace in use at Port Pirie 
(S.A.) is shown in Fig. 138. The retort is seen at R, the fire- 
place (burning coal) at b, and at /"are the exits to the downcast, 
which connects with an underground flue common to the whole 
block of twelve furnaces, which are built side by side. 

* Sohnabel, op. cit. , p. 555. 
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In all these fixed furnaces the rich lead has to be dipped 
out by means of long -wrought-iron dippers made of a piece of 
4-inch pipe on a long handle, or else tapped out from the 
bottom of the retort ; in the tilting furnace the finished charge 
is poured out direct into moulds. 




in le o 



, I 



Fig. 138.— Bottle Retort. 



d. The Faher du Faur tilting furnace, used throughout the 
United States, and at a few European localities, is shown in 
Figs. 139 to 142.* It consists of a cubical box of firebrick set 
in a cast-iron frame swung on trunnions and adjustable by 
means of a hand wheel working a worm gearing. It has an 
opening in front for the neck of the retort, one at the back for 
the products of combustion, and another at the top for charging 
coke. The retorts are of plumbago and hold from 800 to 1000 
lbs., the usual size being 36 inches to 38 inches long, 8 inches, 
wide at the neck, 18 inches to 22 inches at the belly, and 13 
inches to 16 inches at the bottom; the thickness varies from 
1^ inches at the sides to 2 inches at the bottom. Condensers 
adapted to the furnace are of various forms and materials, such 
as cast iron, plumbago, and sheet iron lined with brick or clay ;. 
they may rest upon a tripod, hang from hooks on the furnace 
frame, or rest upon wheels so as to be more easily handled. 
They may be closed entirely, or, as is more usual, have an 
aperture for escape of the CO and other uncondensable fumes, 
and the condensed zinc is usually tapped at intervals into- 
small moulds. 

Mode of Working. — Whatever the type of furnace the opera- 
tion of distilling is substantially the same. The zinc crusty 
broken to pieces the size of a nut, or smaller, is mixed with 1 or 
2 per cent, of powdered charcoal, and charged into the already 
heated retort by means of a scoop. The temperature is then 
raised to a bright yellow heat, and more of the crust added as the 

* Egleston, Metallurgy of Silver, Gold, and Mercury in the U.S., vol. i., 
p. 104. 



THE PARKE8 PROCESS, 



325 



mass begins to melt down, until, after a half to three-quarters of 
an hour, the retort has received its full charge. The condenser, 
which is usually of sheet iron, with a small hole for the escape 
of vapours, is then luted on, and the temperature kept 
as high and as steady as possible, for any irregularity causes 
accumulations of crust on the lead, and of blue powder on the 



Fig. 139. 



Fig. 140. 
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Fig. 141. 



Fig. 142. 



Figs. 139-142. — Faber du Faur Tilting Furnace. 

neck of the condenser. The distillation takes from six to twelve 
hours, according to the size of the retort and the type of furnace 
employed, and the end is known by observing that no more zinc 
continues to be condensed after tapping off that in the con- 
denser. The lead is then ladled out through the neck of the 
retort in furnaces belonging to classes a, and c, tapped out from 
the bottom in those of class b, or, finally, poured by tilting, in 
the case of the Faber du Faur furnace. In any case, after 
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emptying the retort of lead, it is essential that all retort dross, 
charcoal, and slag adherent to the sides of the retort be care- 
fully scraped out through the neck with an iron scraper, as also, 
in the case of direct heated retorts, that clinkers adherent to the 
outside be removed. The latter operation is much facilitated by 
coating the outside of the retort with a thick clay wash. A 
quantity of fine charcoal is then thrown into the retort to 
prevent formation of litharge, which would soon cut through the 
sides, and then another charge is added. With a good system 
the time lost in charging and refilling should not exceed twenty 
minutes. 

Inclined retorts are frequently turned round in their supports 
in order to expose a different part of the retort to contact with 
the surface of the lead-bath ; they are best rotated a quarter of 
a turn after each ten or a dozen charges. 

Rosing * proposed to facilitate distillation in a tilting furnace 
by pouring in molten pig iron to expel the zinc. After all the 
zinc was condensed, the furnace was tilted, the molten iron poured 
ofi' (to be used over again), and then the lead poured out as 
usual. The innovation, however, has not stood the test of 
practical convenience in working. 

Examples of the Distillation Process. — At Port Pirief the 
battery of retorting furnaces consists of twenty-four of the 
furnaces, shown in Fig. 138, side by side in two rows, the total 
capacity being sufficient to treat the crusts from 1000 tons of 
bullion per week, though at present only half the plant is in 
use. The charge for each retort is 1400 lbs., which takes three- 
quarters of an hour to add and melt down, about one shovelful 
of charcoal being mixed with it roughly. The retorting of this 
enormous charge takes sixteen hours, after which skimming the 
rich lead ("retort bullion"), ladling and scraping take about 
one and a-quarter hours more. The condenser is a simple 
sheet-iron affair placed against the front of the furnace, resting 
on the mouth of the retort and plastered with clay. The 
" retort bullion" varies in silver contents from 4000 to 5000 ozs. 
per ton (12|^ to 15 per cent. Ag), averaging, however, 4800 ozs. 
The " blue powder " produced is very small in amount (from 1 
to 2 per cent, only), and goes back to the smelting furnace with 
litharges, (fee. Various other data about the operations compared 
with similar particulars about other works are given in the 
following Table XLII. :— 

* Berg- mid Huttenmdnnische Zeitung, 1890, p. 369. 
+ Private notes, 1896. 
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TABLE XLII. — Work Done in Zinc Distillation Furnaces. 













Port Pirie. 




Bagillt. 


Average, 
U.S.A. 


Bran- 
bach. 


Frei- 
berg. 


■^ 


















SUver. 


Gold. 


Reference, . 


I. 


2. 


3. 


4. 


6. 


6. 
c 


Type of furnace used. 

Weight of charge, . . Iba., 


a 


d 


6 


a 


c 


550 


1000 


606 


500 


1400 




Time required, . . hours, 
Kind of fuel, .... 


8 


8 


12-13 


8-9 


16 


... 


coke 


coke 


coal 


coke 


coal 


... 


Consumption of fuel, . per cent. , 


62-5 


55 


60-70 


90 


50 




Life of retort, . . charges, 


40 


40 


150 


80 


80 




Products per 100 parts of crust — 














Rich lead, weight per cent. , 




70-80 


60 


57 '2 


83 




,, silver contents, . ozs.. 


t • • 


1200-3200 


3500 


2401 


4800 


1100 


,, gold contents, . „ 








61V 






Retort dross, weight per cent. , 


15 


5-8 


'3 


5-8 


8 '2 


35-40 


, , silver contents, ozs. , 








1503 


3500 


600 


,, gold contents, ,, 




• .. 




3A 






Blue powder, weight per cent., 








7-2 


i-2 




Condensed zinc, ,, ,, 


15 


10 


14 


29-5 


7-1 




Percentage of zinc recovered, 


45 


60 


60 


50-90 


67 




Composition of crust treated — 
Silver, . . oz. per ton, 




















1486 


4300 


750 


Gold, . . 


• .. 






5 




13 


Percentage of zinc contents of 














crust recovered. 




80 


96 


90 






Rich alloy, copper contents, 7o 












5-5 


,, zinc contents, . % 




• •• 






i'-6 


3 


Retort dross, lead contents. 




• •• 






74 


73 


, , copper contents, . 




... 








12 



References. — 1, 3, and 4. Schnabel, Handbuch der MetoUhilttenhmde, 
vol. i., pp. 563-557. 2. Hofmau, Metallurgy of Lead. 5 and 6. Private 

notes. 

Comparison Between the Different Furnaces. — The suitability 
of one or other type of furnace depends on local circum- 
stances. The Faber du Faur furnace requires less labour, 
but it is much more expensive in retorts, owing to the direct 
contact of the coke with the outside. Hence, where retorts 
are replaced with comparative ease and labour very dear, as, for 
example, in the United States, this furnace offers many advan- 
tages. In England and in Germany where the cheapness of 
labour is even more pronounced than the facility of replacing 
retorts, fixed furnaces are preferred everywhere but at 
Mechernich. 

In Australia, economy of the expensive retorts, which can 
only be procured from England, is the first desideratum, and. 
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accordingly, the directly-heated tilting furnace cannot compete 
with the flame-heated fixed furnace, in which each retort lasts 
double as long. The Port Pirie furnace has the additional 
advantage that in case a retort should break * its contents are 
received in a space lined with cast-iron plates, whence they can 
be easily collected without loss, while the recovery of the whole 
of the contents of a broken retort from among the mass of half- 
burnt coke in a tilting furnace is a very troublesome and dirty 
job. 



Treatment op Very Rich Zinc-silver Alloys. 
(From the Al-Zn Process). 

4. The Sulphuric Acid Process. — In this the alloy is melted, 
granulated in water, and then treated with chamber acid in 
lead-lined iron pots. The zinc is dissolved out as sulphate, 
which, after running the solution through an asbestos filter 
containing scrap zinc to retain traces of silver, can be crystallised 
out for market. The silver and lead remain together in a semi- 
crystalline slime, which is run through a filter press ; the cakes 
are moistened with a saturated solution of borax dried and 
melted. 

5. The Electrolytic Process.! — The alloy is cast direct from 
the liquation pots in which it has been subsequently melted 
into moulds, 14 inches by 4 inches by ^ inch, to form the 
anode plates. The cathodes are circular sheets of zinc fixed 
upon a horizontal spindle which revolves just above the surface 
of the bath. The electrolyte is a solution of MgClg saturated 
with ZnClj ; its specific gravity is 1'2 to 1'27. The zinc is 
deposited in sheets with an irregular warty surface ; they con- 
tain 0-0099 to 0-0044 per cent. Fe, 0-0114 to 00210 per cent. Cu, 
0-0341 to 0-0500 per cent. Pb, tr. to 0-002 per cent. Ag, and 
99-9466 to 99-9226 per cent. Zn, which sells as c. p. zinc at 
a high price. The silver slime contains, on an average, 74 to 80 
per cent. Ag, 10 to 12 per cent. Pb, 1^ to 5 per cent. Cu, 0-2 to 
0-5 per cent. Zn, with some As, Sb, and Fe. It is stirred in a, 
leaden vessel with very dilute sulphuric acid to dissolve metallic 
oxides, and pieces of iron are then added to reduce any A gi 01 
present. The purified slime, containing 80 to 85 per cent. A.*g, 
and about 15 per cent. Pb, is- pressed into cakes, which are dri, ed 
and refined upon a cupel in charges of 2 cwts. at a time, witho! ut 
any addition of lead, the operation taking eight hours. ' 

* An accident which, at Port Pirie where the retorts are worked to their 
utmost endurance, happens about once a week on the twelve furnaces 
going. 

m. and M. J., Deo. 2, 1893. 



the parkes process. 329 

Bye-products of the Parkes Process. 

Besides the bye-products obtained in softening and refining, 
which have been already described in Chapter xv., though the 
latter at all events is properly a bye-product of the Parkes 
process, the bye-products peculiar to the Parkes process are 
TStort dross and blue powder, both obtained in the distillation. 

Retort dross is a lead-zinc-copper alloy rich in silver and 
containing more or less carbon, silica (from the retort), and 
other impurities. It may be disposed of by adding a little at a 
time to the regular cupelling charge, or to the bath of lead low 
in silver, with which a new cupellation hearth is usually 
■charged. Sometimes it is added to the charges of work-lead in 
the softening furnace, after dressing, in order that its impurities 
may be taken up in the skimmings. This practice is, however, 
objectionable, since it results in contaminating the residual 
metal with copper and zinc, neither of which are at all desirable 
additions. 

At Port Pirie * the retort dross averages nearly as rich as the 
original zinc crust, say in the neighbourhood of 3000 ozs. ± . It is 
sweated in a cupel upon a bath of lead from the crust liquating 
furnaces (containing, say, 130 ozs. per ton) without, however, 
being allowed to scorify. The sweated dross contains only 500 
■ozs. Ag, and, together with that from the softening furnace, is 
smelted for rich silver-copper matte. The process of sweating 
charges of dross is repeated until the bath has absorbed silver 
to the extent of 2000 ozs. ± per ton, when it is concentrated 
together with the retort bullion. Being free from zinc this 
"sweat lead" is found particularly useful for working up 
.specially zinciferous and cupriferous retort bullion, such as that 
from the auriferous crusts. 

Blue Powder contains a good deal of zinc oxide as well as 
from 4 to 18 ozs. of silver per ton. At some works it is mixed 
with charcoal and added to the next retort charge ; at others it 
is placed in the desilverising pot before tapping in the softened 
lead, and in this case it serves to saturate the lead with zinc, 
thus saving part of the first zincing, at the expense, however, of 
yielding an impure, much oxidised, and very dirty first crust. 
The Omaha Works, and perhaps some others in America, find it 
more convenient to ship their blue powder to European zinc- 
works for treatment. At Port Pirie it is simply sent to the 
smelter, with other refinery products, in order to save its silver 
contents, no attempt being made to utilise the zinc. 

Kettle dross goes back to the softening furnace ; old retorts to 
the (ire blast furnace. 

Costs and Iiosses. — It is diflicult to arrive at the cost of 
treatment by any of the processes, since refineries have a great 

• Private notes. 
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objection to publishing such figures. According to Hofman * 
the average cost, including softening and refining, but exclusive 
of salaries and realisation charges, is from £1, Is. to £1, 5s. per 
ton of base bullion; including these, the cost may be £1, IBs. 
to £1, 17s. 6d. per ton; while, if the loss in metals and other 
incidental expenses be added, the total absolute cost may 
amount to from £2 to £2, 10s. per ton refined. These figures, 
of course, refer to American works ; English refineries are run 
much more cheaply, but it is impossible to get figures for 
publication. 

The loss of lead is rarely as much as 0'5 per cent. ; that of 
gold (in silver not submitted to parting) may be as much as 3 or 
4 per cent, where the amount is small, say only a few dwts. per 
ton ; but with richer bullion it rarely exceeds 1 or 2 per cent. 
The production of silver is almost invariably in excess of the 
amount paid for and determined in the base bullion by ordinary 
commercial assay ; the excess varies from ^ per cent, up to 1 
per cent, or even more in extreme cases. 

Comparison Between the Parkes and Pattinson Pro- 
cesses. — The Pattinson possesses over the Parkes process the 
advantages of less complexity, of a simpler plant, and, in the 
case of lead already fairly pure produced by reverberatory or 
hearth smelting, readily yields a pure lead of specially high 
quality suitable for sulphuric acid chambers without any pre- 
liminary softening or subsequent refining. It is, however, not 
well suited to the treatment of impure blast furnace lead rich in 
silver, nor to gold-bearing leads. 

The advantages of the Parkes process are : — 

1. Lower cost of treatment to the extent of 20 to 50 per cent. 

2. Production of a market lead with only 4 to 6 dwts. of silver, instead 
of 9 to 1 5 dwts. by the Pattinson process. 

3. Complete recovery of traces of gold. 

4. Much purer market-lead from work-leads originally cupriferous and 
impure. 

5. Production of a lead for cupellation with 2000 to 5000 ozs. silver per 
ton, as against 500 to 650 ozs. by the Pattinson process. 

6. At least 50 per cent, less loss of lead and silver. 

*0p. ciL, p. 365. 
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CHAPTER XVIII. 
CUPELLATION AND REFINING. 

General Description. — By whatever process it is obtained, 
the rich lead, containing from 250 to 600 ozs. per ton (Pattiu- 
son process), or 2000 to 5000 ozs. per ton (Parkes process), has 
to be cupelled in order to separate its silver. The cupel- 
lation process consists essentially in melting the lead in a 
reverberatory furnace, and exposing it to a blast of air, whereby 
the lead is oxidised together with the other base metals present, 
forming litharge of various degrees of purity which runs off, 
while the silver remains on the hearth. The oxidisation takes 
place partly by direct contact with air, and partly by the action 
of molten litharge, which absorbs an excess of oxygen, and so 
exercises a powerful oxidising influence on the underlying lead- 
bath. 

As in softening base bullion, the bulk of the impurities 
oxidise before the mass of the lead, and can be removed by 
skimming ; the copper, nickel, and cobalt in a dross {abzuy), 
which forms during the melting down ; the zinc, antimony, 
arsenic, and tin, if present, in skimmings (ahsirich), which are, 
in the German process, removed after the dross and before the 
clean litharge, though in the English process no attempt is 
made to separate them from the bulk of the litharge. Such 
portion of the copper as may not have been removed by drossing 
is only oxidised gradually by virtue of the enormous excess of 
litharge, for it is noteworthy that cuprous oxide is reduced by 
excess of lead (Berthier). This oxidising power of CU2O comes 
into play to a considerable extent in ordinary cupellation, for 
when I per cent, of copper is present the operation is much 
accelerated, and the loss of silver reduced, as is noted by Kerl.* 
Bismuth has less affinity for oxygen than lead, and remains, 
therefore with the silver until almost the close of the operation, 
finally oxidising and colouring both hearth and litharge green ; 
advantage is taken of this fact at Freiberg as a means of 
extracting and utilising traces of that metal. Gold, of course, 
accompanies the silver as it does throughout the ti-eatment of 
lead ores, and, being less oxidisable, is even more perfectly 
concentrated. 

A portion of the silver is oxidised and enters the litharge in 
that condition, but during the early part of the cupellation it is 
mostly reduced again by the excess of metallic lead ; the first 
* Quoted by Hofman, Metallurgy of Lead, p. 369. 
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formed litharge is, therefore, much poorer than that produced 
towards the end of the operation. The latter probably contains 
silver, both as oxide and metal, according to the experiments 
of Wait,* who found 20 per cent, of the silver contents of a very 
rich bismuth litharge to be soluble in dilute acetic acid. The 
portion insoluble in acetic acid contained 2-7 per cent, lead as 
well as the remainder of the silver (2 '35 per cent.), so that it is 
probable that the bulk of the silver in litharge exists in the 
condition of infinitesimal particles of a rich alloy mechanically 
suspended in the molten litharge. Yet another portion of the 
silver is volatilised together with the lead, and must be con- 
densed in appropriate fume chambers. 

Leaving out of consideration here the primitive cupellation 
hearths sometimes conveniently adopted in very inaccessible 
districts,! the cupellation process may be studied under the 
heads of the two prevailing types of furnace — namely, the 
German and the English. In the former the hearth is fixed 
and the roof movable ; in the latter the conditions are reversed. 
In the German furnace the whole charge is added at once and 
opportunity is afforded for the successive and separate removal 
of cupriferous dross, antimonial skimmings, and poor and rich 
litharges ; on the other hand, the final yield of silver is small in 
proportion to the size of the hearth. 

In the English furnace the charging is continuous throughout 
the whole of the concentration, but all the impurities are 
removed together in litharge, which has to be re-smelted. The 
advantages, however, of much greater capacity for a given size 
of furnace and smaller cost of labour and repairs, have enabled 
the English furnace to almost entirely replace the German type 
everywhere outside of Germany itself 

With both types of furnace it is advantageous to stop the 
process before its conclusion, and to complete it on a separate 
hearth; but this is very much more readily accomplished with 
the English than with the German type of furnace. 

GERMAN CUPELLING FURNACES. 

German cupelling furnaces are characterised by having a fixed 
hearth, the lower portion of which forms an integral portion of 
the furnace masonry, while the ujjper, or working, hearth is 
composed of natural marl, or a mixture of limestone or dolomite 
and clay (3 or 4 to 1), to which wood ashes are sometimes added 
(Puertollano, Spain), well tamped in against the side walls and 
formed into a shallow saucer-shaped cavity. The roof is a 
similar shallow saucer, but inverted and usually composed of 

* Trans. A.I. M.E., vol. xv., p. 463. 

t V. papers by Austin and Pfordte, Trails. A.I.M.E., vol. xii., p. 41 ; 
vol. xiii., p. 185 ; and vol. xxi. 
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fireclay tiles made to fit the curve, joined by iron cramps or 
rivets and bound together by a light wrought-iron framework ; 
ordinary firebrick is, however, often used for the roofs of small- 
sized hearths. The iron framework is attached to chains and can 
be raised and shifted by means of a crane or of a " traveller." 

'I'wo varieties of the German cupelling furnace may be men- 
tioned — viz., the circular and the rectangular. As an example 
of the former (used also among other places at Altenau, Harz j 
Hoboken, Belgium ; and Schemnitz, Hungary), may be described 
the Lautenthaliwm&ce; as examples of the latter, the new Freiberg 
furnace designed by Plattner, and that used at Przibram. * 

1. The Lautenthal furnace is shown in Figs. 143 and 144 1 in 
which a is the lower hearth of red brick, upon which the working 




Figs. 143 and 144. — Lautenthal Furnace. 

* Figured and described by Hofman, op. cit., pp. 371, et i 
tFrom Schnabel, op. cit., vol. i., p. 584. 
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hearth of natural marl containing 66 per cent, of CaCOg is tamped. 
The marl is first crushed and sifted, and then moistened suffi- 
ciently to ball in the hand. It must not be too wet or it will 
not be possible to beat it to the required degree of firmness, nnr 
too dry or it will peel off on heating ; if beaten too hard, it will 
crack on heating and not absorb enough litharge to prevent it 
from crushing ; if it is too soft, on the other hand, it will absorb 
too much litharge. The saucer-shaped and movable roof of fire- 
clay tiles clamped together is shown at h, resting on an iron ring 
and hung on chains ; at c is the grate, supplied by a gentle and 
easily regulated blast of air, so as to give complete combustion 
of the inferior slack used as fuel; it is separated from the hearth 
by the air-cooled firebridge. At ee are the tuyeres for oxidation 
of the lead ; y is a working and charging door ; g the litharge 
notc'i through which the molten litharge runs continuously ; 
h is the flue leading to the fume condensing chambers ; and i, a 
vault beneath the hearth to assist in keeping it cool. The 
workmen at the doors y and « are protected from the lead fumes 
by means of sheet-iron ventilating hoods, which receive their 
draught from the main flue. 

The charge in this furnace, with its 65 square feet of area, is 
10 to 12 tons of rich lead ; this is worked off in thirty-six 
hours direct to crude silver, wjiich is subsequently refined in 
crucibles. 

3. The Freiberg furnace * is oblong in shape, though the 
actual hearth is elliptical inside. The roof of this furnace is 
flat, instead of being dome-shaped, and it is not swung on one 
side by a crane, but lifted by means of Weston blocks, and 
shifted longitudinally by means of an overhead traveller. A 
further peculiarity in this furnace is that the litharge notch ia 
situated at the opposite end to the firebridge, and immediately 
under the flue which carries away the products of combustion as 
well as the lead fumes. 

Mode of Working. — A new hearth must be very carefully 
warmed up to prevent cracking, after which the pigs of rich lead 
are charged in through the working doors (frequently upon a 
layer of straw to protect the bottom), the roof lowered into place 
and luted, the litharge door closed (leaving only the litharge 
channel or notch), the fire urged, and the blast let on gently. 
The lead melts down, and in doing so leaves a dross which rises 
to the surface of the bath and is skimmed off. Next, a lot of 
brown skimmings, containing arsenic and antimony, form and 
run off through the litharge notch, and, finally, as oxidation 
proceeds, nothing but clear yellow litharge is. formed. The 
level of the litharge notch must be regulated by cutting away 
the rim of cooled litharge, as it forms, with an iron hook ; but 
only suflaciently so as to leave a rim of molten litharge from 12 
* For figure v. Sohnabel, op. cit. , p. 588. 
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inches to 20 inches wide round the edge of the lead-bath ; other- 
wise, there is a great loss of lead and silver by volatilisa^ion. 
Litharge, melting at 954° C, requires a temperature of 1000° to 
be kept up in the furnace, and at this temperature the lead 
volatilises very fast, if too much uncovered. 

The blast pressure is usually about 8 ozs. per square inch, and 
the volume required varies from 200 to 300 cubic feet per minute, 
more being required the larger the furnace, and more always 
toward the end of the cupellation than at the beginning. 

The litharge issuing from the furnace collects either in thin 
sheets on a cnst-iron plate, when it remains yellow on cooling; 
or it is collected in moulds forming large masses which, when 
slowly cooled, acquire a red colour. Only the litharge produced 
about the middle of the process (about one-third of the whole), 
is sufficiently pure to be sold as such, the first third being too 
impure and the last too rich in silver. At the end of the 
operation thin films of litharge, driven by the blast over the 
surface of the silver, give rise to a play of iridescent colours ; 
and, finally, the phenomenon of "brightening" takes place as 
with silver assay beads. 



TABLE XLIII. — German Cupellation.* 





Freiberg. 


Clausthal. 


Pizibram. 


Musen. 


Capacity of hearth at once, . . tons 


, ... 


10 


25 


25J 


Total quantity worked off, . . ,, 


50 


10 


25 


254 


Value in silver, . . ozs. per ton 


, 650 


115 


170 




Number of tuyeres to furnace, 


2 


2 


3 


i 


Time taken for process — 










Preparing hearth and charging, hours 
Melting down, . . . . ,, 


, 


2 


18 


3 




} ^ 


16 


24-27 


Removing drosses, 






6 


9 


,, skimmings, 






4 


9 


144 


Running market litharge, 








23 


•117 


,, rich litharge, 






28 


18 


Total time required, . 




178 


36 


80 


300 


Kind of fuel employed, . 




lignite 


coal 


coal 


wood 


Fuel consumption, . 


per cent. 


27 


21 


19-6 


50 


Weight of crude silver obtained, . lbs. 


■ • • 


374 




154 


Percentage weight of dross and skimmings 




5 




28 


,, ,, foul htharge, . 


76 


86 




52 


,, ,, market ,, 


12J 




36 


30 


Assay of market litharge, ozs., dwts. 


! 


1 "l2 


1 6 


1 12 


Percentage loss of silver, 






0-83 




„ lead 






4-33 





598. 



'■ This information is mostly condensed from Schnabel, op. cit., pp. 595- 
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After the brightening, two pieces of flat bar iron are stuck 
into the cake to serve as handles, and the hearth is cooled by 
water from a hose. The cake is then removed, and the hearth, 
after cooling, is broken up with a pick, screened, and re-tamped, 
only those portions which are saturated with litharge going to 
the blast furnace. The silver cake, still containing from 2 to 10 
per cent, of lead and other impurities, may be refined on another 
su)all cupelling hearth, or in crucibles, as subsequently described. 

The time required, consumption of fuel, losses of lead and 
silver, &o., are for several leading German works given in 
Table XLIIl. 

Variations in the Method. — The above is the ordinary method 
of oupellation in the German hearth, but sometimes the rich 
lead is only cupelled down to from 50 to 80 per cent, silver in 
the large cupelling furnace, and is then tapped into moulds, tlie 
cupellation being finished on a smaller hearth, where also the 
silver is refined. In this case it is usual to add more lead in 
the large furnace as the first charge oxidises away, somewhat as 
in the English furnace, the total quantity treated at once thus 
frequently amounting to twice or thrice the weight charged at 
the beginning. 

This practice is adopted at Freiberg, where, as already men- 
tioned, the rich lead concentrated by the Pattinson process con- 
tains a notable percentage of bismuth. The rich lead, in quan- 
tities of 50 to 60 tons at a time, is concentrated up to 80 per 
cent, silver in the large furnace already described (which takes 
seven and a-half days), and then the concentrated alloy is c\ipelled 
in a smaller hearth to silver, which, after refining on the 
same hearth, is 998 fine ; a bismuth litharge with 4 to 8 per 
cent. Bi is here formed, also a green bismuth hearth under the 
cake of silver, which contains 6 per cent. Bi ; these are treated 
for the manufacture of bismuth salts by solution in hydro- 
chloric acid and precipitation of bismuth oxychloride by dilution 
with water. 

The same system of concentration is in use at Schemnitz,* 
where 20 to 30 tons are charged gradually into a hearth holding 
only 8 tons. 

Absorption. — The German cupelling furnace is much more 
frequently employed than the English for the operation of 
"absorption" (eintranken), in which rich argentiferous ores or 
residues are fed gradually into the bath of molten lead, which 
absorbs the greater part of their silver contents, while the other 
metals become oxidised, and, together with the siliceous earthy 
constituents, are more or less completely fluxed and carried 
away by the litharge or raked ofi" the surface of the bath. This 
-practice is common at Altenau and St. Andreasberg (Harz), where- 
silver ores containing upwards of 2000 ozs. silver per ton are- 
*Sohnabel, op, cit.\v. 698. 



CUPELLATION AND REFINING. 337 

habitually treated by this process, as much as 5 per cent, of the 
weight of the lead being added. It is also in use at Hohoken 
(Antwerp), and Lautenthal, where retort dross, oxidised zinc 
crusts, and other residues are fed in the proportion even of 
60 to 100 per cent, of the rich lead operated upon with satis- 
factory results, though the duration of the process is somewhat 
lengthened. 

The use of a lead-bath on a cupellation hearth for extracting 
the silver from sulphide precipitates obtained by lixiviation will 
be described in Part ii., Chapter xiii. 

Beflning. — The crude silver obtained in the German furnace 
has always to be refined on a separate hearth owing to the 
traces of lead, copper, nickel, bismuth, (fee, which it obstinately 
retains. The refining may be conducted on the hearth of a 
small cupelling furnace as at Freiberg and Przibram, or in 
crucibles, as at Lautenthal, Frankfort-am-Main, and Hohoken. 
The former method calls for no description here, as the manipu- 
lations are identical with those in the English method shortly 
to be described. 

Use of Silver Sulphate. — Rbssler found * that silver sulphate 
added to molten crude silver rapidly oxidised first the lead and 
then the bismuth, having, however, little or no effect upon the 
copper. The crude silver at Lautenthal and Hoboken contains 
bismuth, but very little copper, so that this method is well 
suited to its refining. The crucibles employed are of plumbago, 
hold about 700 lbs. of the crude silver (950 to 980 fine), and are 
heated in a wind furnace supplied with air by two blast pipes 
just above the grate bars. In order to protect the crucible from 
corrosion by the slag, a section of wrought-iron pipe, 2 or 3 
inches smaller in diameter than the crucible, and 7 inches long, 
is coated on both sides with clay, heated, and then placed on the 
molten bath, into which it sinks several inches. Into the centre 
is placed 8 or 10 lbs. of silver sulphate in lumps of egg size 
(prepared by dissolving silver in sulphuric acid, evaporating to 
dryness, fusing, and casting in moulds), and previously warmed. 
The silver at once begins to boil and the sulphate melts, forming 
a layer on the top, which has to be stirred in with an iron rod 
until there is no further action. The slag is then stiffened with 
sand or pulverised quartz and removed with a skimmer, when 
another addition of sulphate is made. The total quantity 
required is found in practice to be twice the weight of base 
metal removed ; thus 700 lbs. of silver (970 fine and containing 
21 lbs. of base metal) require about 40 lbs. of silver sulphate, 
which is added 8 to 10 lbs. at a time. The test for fineness is to 
dissolve a portion in nitric acid and add excess of ammonia, 
when any turbidity (bismuth) shows that a further addition of 
sulphate is required. Part of the silver remains in the slag, 
* Berg- und Huttenm. Zeitung, 1889, p. 387t 

22 
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which contains* SiOs 40-7, PbO 33-50, FeO 13-47, BijOg 601, 
Ag^O 2-05, and traces of Cu, P, CaO, &c. 

The great advantage of this method of refining lies in the fact 
that the bismuth is wholly concentrated in the last slags, the 
first being practically free from that metal, and the small quantity 
of rich slag thus produced is easier to work up for bismuth than 
the litharge and cupel bottoms obtained i' ireverberatory refining. 
The loss of silver is also said to be smaller than in refining on 
the cupel, presumably on account of the smaller surface exposed, 
and of the fact that it is covered with slag during the operation. 
The costj both for labour and material, is, on the other hand, 
much greater. 

ENGLISH CUPELLING FURNACES. 

These are characterised by their comparatively small size, by 
the possession of fixed roofs and movable hearths, and by the 
fact that the rich lead is always charged continuously, so that 
the final cake of silver produced is very large in proportion to 
the size of the furnace. 

The roof must be as low and as flat as possible, and the grate 
area large, as a very high temperature is required to keep such 
a large mass of silver in a molten condition towards the end of 
the process, and more particularly for refining when this is done 
in the same " test," as was formerly the invariable practice. 
The more modern practice, however, is to concentrate up to 60 
or 70 per cent, silver in one furnace, and then finish the cupel- 
lation and refine in another. The hearth (called a " test ") may 
be either oval or rectangular, but the latter form is peculiar to 
American works. 

Fig. 145 is a front elevation of an English cupelling furnace of 
common type. Figs. 146 and 147 t being sections of an American 
furnace of somewhat similar construction. In the latter a is 
the fireplace, h the flue, c the vault between the firebridge, d, 
and the flue- wall, e, into which the test carriage runs ; f is the 
iron compass ring, h the ashpit, i and j are cast-iron plates to 
support the bridge and flue-walls respectively ; k is the chargiug 
door-frame with its sliding door, o, and I is the litharge door. 
Some furnaces have three doors at the back, but in that here 
figured the lead is fed, one pig at a time, through the same door 
in which the tuyere is inserted. The whole upper part of the 
furnace, as well as the front and flue are enclosed in cast-iron 
plates (Fig. 145), and well bound with buckstays and tie-rods 
(not shown). The flue exit is divided into five small flues 
gradually increasing in size towards the front, so as to spread 
the heat in that direction where the cooling effect is greatest; 

" V. complete analysis, E. and M. J., Nov. 14th, 1891. 
tHofipan, op. cit., p. 381. 
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In this furnace the compass ring is square with rounded corners 
{Pig. 147), the hearth having, of course, the same form and fitting 
tightly inside it With the help of a clay lute. It is open in 
front for 16 inches, ih the centre of -which space comes the 
litharge notch 4 inches wide. 




Fig. 145. — English Cupelling Furnace. 
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Figs. 146 and 147.— American Cupelling Furnace. 
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The tuyere (not shown) is a 3-iiich sheet-iron pipe, which is 
either flattened at the end so as to deliver a sheet of air 4 inches 
wide by J inch thick, or else fits into a cast-iron nozzle of that 
shape. The blast may be produced by either a fan or a positive 
blower, and the average pressure, according to Hofman,* is not 
more than 4 ozs. per square inch. At Port Pirie, with a flat 
nozzle of the same size, a pressure of 10 or 12 ozs. per square 
inch is used, which is usually, however, partially shut ofi'. 

Test Rings and Supports. — The common style of test ring 
is a simple oval with a skeleton bottom of flat bars, all made of 
cast iron in one piece, and into which the hearth material is 
rammed. The pattern shown in Figs. 152 and 153 is an improve- 
ment on this for concentration work, since, besides the lip or 
spout in front for pouring (in connection with the Lynch test 
support described below), the ordinary upright rim, b, is cast 
with a 3-inch flange, a, which, with its clay lute, fits against the 
bottom of the compass ring and so makes a closer joint. In 
both of these tests the hearth material is tamped to the required 
shape by the eye only. 

In the oldest style of furnace the simple test ring was sup- 
ported merely on transverse bars inserted across the vault, and 
levelled up by means of wedges. This primitive arrangement, 
however, gave place many years ago to the test carriage, with 
four adjustable jack-screws, shown in position in Fig. 145, and a 
somewhat different form of which is again shown in Figs. 148 
and 149. 

This form of test carriage has come into very general use, and 
is extremely convenient, except where pouring from the test is 
practised, for which it possesses the disadvantage that the 
position of the test cannot be readily altered during cupellation, 
as the jack-screws when hot become very hard to turn. 

The furnace shown in Figs. 146 and 147 with rectangular 
compass ring has, of course, a rectangular test, one form of 
which, with tilting carriage, is shown in Figs. 150 and 151. t 

This test ring, unlike the others, has a solid cast-iron bottom, 
a, upon which is a layer of firebrick closely laid. The cast-iron 
pattern, b, shown in the figures in place, is then oiled and 
inserted, and the hearth mixture (cement in this case) rammed 
tightly into the intervening space ; after which the pattern is 
withdrawn and the hearth dried as usual. At c is the aperture 
for the litharge notch, which consists of a slot in the front of the 
casting, 3 inches wide, which is filled up to the required height 
with the mixture. The advantage of a rectangular test is that, 
for any given width of furnace, it afibrds the maximum of sur- 
face, and, therefore, the maximum of oxidising effect ; oval tests, 
however, generally stand better. 

* Op. cit., p. 389. + Adapted from Hofman, op. eit., p. 383. 
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Figs. 148 and 149.— Test Carriage. 
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Figs. 150 and 151.— Test Carriage. 
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The test carriage shown with this brick-bottomed test is 
peculiar in being provided with a simple hand-wheel arrange- 
ment at one side of the front for lowering the front of the test 
ring as the cupellation proceeds, so as to regulate the flow of 
litharge without cutting down the litharge notch, and also to 
permit of pouring the contents of the test if required. 

With all the above test rings the litharge very soon eats away 
the material forming the test, and, therefore, many devices have 
been adopted for cooling by means of water pipes coiled round 
the test ring, (fee, combined often with a separate water breast, 
so as to diminish the corrosion. One of these devices in common 
use in America is the completely water-jacketed test of Steitz, 
shown in Figs. 155 and 156. The water jacket, a, of boiler iron 
is rectangular and complete, except in front, where a smaller 
cast-iron jacket, b, bearing the litharge notch, c, is bolted on. 
The only wear of the jacket is in this notch, and when it is worn 
through, the small breast jacket is taken out and replaced by a 
new one. This form of test ring for concentrating rich lead up 
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Figs. 152 to 154.— Test Rings. 
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Figs. 155 and 156.— Water- 
jacketed Test. 



to 70 per cent, silver has the advantages of trebling the life of 
the hearth material, while saving trouble with the litharge 
notch, which remains at a constant level and suffers no corrosion. 
This constant level of the notch, however, coupled with the 
enormous cooling effect, renders it impossible to bring up the 
enriched alloy to tine silver on such a test ; consequently, the 
Steitz test is used for concentrating alone. 
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Not only, however, is the cooling effect with these completely 
water-jacketed itests so great that more fuel has to be employed 
to avoid retardation of the process, but the tests themselves are 
greatly racked by the varying degrees of intense heat to which 
they are subjected, and soon begin to leak at the seams. For 
these reasons metallurgists outside of the United States gener- 
ally prefer the plain oval flanged cast-iron test ring, with a l-inoh 
pipe all round, fitting tightly against the ring and imbedded in 
the material of the test. At the front is a small cast-iron tapping 
breast carrying the litharge notch or lip. The breast is easily 
replaceable when it begins to leak, though it usually lasts out 
from five to six tests. Before using one of these breasts over 
again it is tested for leaks by hydraulic pressure in order to 
minimise the danger of springing a leak while the cupel is 
running. 

When the system of concentrating and finishing on a separate 

hearth is adopted it is convenient to be able to tilt the test so as 

to pour the molten alloy into moulds. This can be done with 

the hand-wheel carriage shown in Fig. 151 ; but the Lynch test 

' support, shown in Fig. 157,* is also very convenient. It consists 




Fig. 157.— Lynch Test Support. 

of two bars on the lower side of the test ring, by means of which 
the front end of the test is supported upon two turnbuckles, a, 
which in turn, by means of an iron triangle, hang from a difier- 
ential chainblock, h. The back of the test rests upon jack-screws, 
c, working in a fixed bar. With the block the front of the test 
can be easily raised or lowered during cupellation as required, 
and, with the turnbuckles, either side can be raised or lowered 
so as to regulate the corrosion of the hearth. 

* Blake, Tram. A.I.M.E., vol. x., p. 220. 
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This support is never required for water-jacketed tests with a 
constant discharge level, which are, therefore, commonly mounted 
on one or other of the forms of carriage already figured ; whereas 
the Lynch support is sometimes seen in America on finishing 
tests which are not watei-- jacketed, and when it is thought more 
convenient to pour the silver than to ladle it. The total quan- 
tity to be handled, however, on the finishing test is so small that, 
even in the United States, it is more common to use the fixed 
jack-screw test carriage and ladle out the fused silver into 
moulds, instead of attempting to pour it. 

Hearth Material. — Formerly the only material used for the 
tests of English furnaces was bone-ash, which is still commonly 
used in England itself for that purpose. At Eureka, Nev., 
bone-ash has been practically superseded by mixtures of Siliceous 
limestone and clay (in proportions of from 2 to 5 per cent, of the 
former to 1 of the latter), ground to pass a 12-mesh, and Port- 
land cement, which has given excellent results at many American 
works ; a mixture of cement and ground firebrick has also given 
good results. 

Bone-ash must not be beaten down too hard, as that would 
make the test crack on firing. The limestone-clay tests, how- 
ever (and, according to Hofman,* those of cement also), must be 
tamped as hard as possible, and dried, and warmed very gradu- 
ally and thoroughly. In using cement it is essential to do the 
tamping as rapidly as possible before it commences to set. 

The bottom of the test shown in Figs. 150 and 151 is made of 
firebrick, and experiments have been made with magnesia brick 
as a lining for sides as well as bottom,! but no results have been 
published. A brick hearth is specially used for refining argen- 
tiferous matte into bottoms {v. Chapter xvii.). 

Whatever its material, the hearth should be dried out for at 
least a month before commencing to warm up. A plain (not 
water-cooled) cement test used right through for concentrating 
as well as finishing may last seven days, while one used four or 
five hours daily for finishing only will last for months, and even 
a limestone-clay test, under these circumstances, lasts a month ; 
a water-jacketed concentrating test of limestone-clay will last 
two months.J 

At Port Pirie,% all the tests are alike, except that those used 
for finishing have no water-cooled lip or litharge breast. The 
mixture employed is fireclay, siliceous limestone, and Portland 
cement in certain proportions, which are mixed dry, damped to 
the required consistency, and quickly pressed into the test, 
which lies bottom upwards upon a cast-iron mould the shape of 
the required cavity Contrary to what is stated by Hofman, 

* E. and M. J., Mav 4, 1893. + Hofman, Metallurgy of Lead, p. 391. 
X All these figures are on the authority of Hofman, op. cit., p, 392. 
§ Private notes. 
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it is found that beating down a cement test too hard injures its 
durability. The gentle ramming is done as quickly as possible 
before the cement commences to set, just sufficient pressure 
being exercised to get out all the air in the interstices, and then 
the test is immediately turned up and filled with water, which 
is allowed to be absorbed and to evaporate naturally. The 
tests are then piled in a warm part of the refinery, where they 
dry out as gradually as possible during four to six months before 
being used. The average life of tests prepared in this way is, 
for concentrating up to 50 per cent, concentrated bullion, three 
weeks, at an average of 30 bars per shift, or, say, a total of 72 
tons lead passing through the test, at the end of which its cap- 
acity has become enlarged from 1 to 2 tons. On the finishing 
side of the cupellation house each test lasts, on an average, ten 
days, going constantly day and night, or while an average of 
400,000 ozs. silver is cupelled upon it. 

Mode of Working. — After gradually heating up the test to 
a red heat, lead is charged through the front and back openings, 
and, when melted down so as to fill the cavity, the blast is turned 
on and cupellation started. The litharge runs off at the litharge 
notch, and the rate of running off is regulated, partly by the rate 
at which pigs of lead are fed forward at the tuyere door, partly 
(in tests unprovided with water breasts) by the depth of the 
litharge notch. In any case, it is usual to keep about half the 
lead covered with litharge to reduce the loss by volatilisation. 
When the test has become filled with rich alloy (sometimes 
called " bullion concentrates "), the blast is stopped, the contents 
of the test removed into moulds by ladling or pouring, and a 
new concentration begun, the furnace working continuously as 
long as the test lasts. 

The operation of "finishing" is conducted similarly, but at a 
higher temperature, in an uncooled test, until sufficient crude 
silver is obtained, when the addition of pigs of concentrated 
alloy is stopped, and the last litharge removed. The phenomenon 
of "brightening" is seldom or never seen on the English 
hearth. 

Refining of the crude molten silver is sometimes conducted in 
a separate hearth, but generally in the finishing hearth itself, 
and by the blast alone. A little bone-ash, however, is sprinkled 
on to absorb base metal oxides, and, generally, also a few shovel- 
fuls of soda nitre, one at a time ; the slag so produced is usually 
not removed until just before casting. The refining is concluded 
when the metal has a clean, smooth, brilliant surface, like a 
mirror, which does not become tarnished on stirring, and when 
a small sample bar shows a finely granular silky fracture and 
great malleability. It is usual, however, to make careful assays 
before casting, in order to be sure that the bars will be above 
the standard for fine silver (viz., 997 -t- ). 
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Casting is occasionally done with the help of the Lynch test 
support already described, the silve;: being poured direct into 
the moulds, but more usually the metal is ladled out into the 
warmed moulds. The sample is best taken from each mould as 
poured, and just before "setting," byrmeans of a long iron spoon. 

Bxamples of English. Cupellatiom. — At ■Eureka (Nev.)* 
bone-ash tests, holding ,1 ton each, Are filled with rich lead, con- 
taining 550 oza. silver, which is melted .down and fresh lead 
added as fast as it oxidises. Once in each twenty-four hours the 
rich alloy is tapped, yielding six to eight bars of 60 to 70 per 
cent, silver. In the " finishing " operation sixty such bars are 
cupelled in sixteen hours, giving 16,000 ozs. of dore silver, 965 
fine in silver, and 30 in gold. From the concentration some 
litharge is obtained, running only 1 oz. Ag per ton, which is 
reduced to market lead in a reverberatory with charcoal. The 
litharge from the finishing test all averages 75 ozs. per ton, and 
goes to the ore furnace. 

At Port Pirie (S.A.) there are six concentrating hearths and 
two finishing hearths, aU being alike in general form and 
dimensions. In tjie former, the bars of rich bullion (" retort 
bullion "), averaging 4500 ozs. Ag per ton, are melted down with 
a 12-oz. blast at the rate of thirty bars (say, 22 cwts.) per 8-hour 
shift, the capacity of the hearth being from 1 to 2 tons, 
according to the amount of corrosion it has undergone. Concen- 
tration is stopped when the lead reaches 15,000 to 16,000 ozs. to 
the ton, and the contents of the test are then ladled out into 
moulds. The litharge from the concentration averages only .30 
ozs. per ton, and is smelted in the ireflnery blast furnace together 
with siliceous ores. 

About J ton of the bars of concentrated bullion are melted 
down in the finishing hearth, and cupellation is begun, more being 
added at the back, as usual, to supply the place of that oxidised. 
The rate of cupellation on these finishing tests is about 14,000 
ozs. of silver per 8-hour shift, and the quantity of silver pro- 
duced from one filling is about 23,000 ozs., whiojh is ladled out 
by hand into moulds, sprouting and efiervescing violently as it 
solidifies. The average fineness of the finished silver is about 
997 J, the chief impurity present being copper, which obstinately 
remains after all the lead has been removed. The litharge 
produced on the finishing hearth contains about 200 ozs. Ag 
per ton, and goes to the softening furnaces to assist in the 
oxidation of antimony,, as explained in Chapter xv. 

The silver is " dried," or refined, upon a perfectly new finishing 
test by exposure for six hours to the action of the blast, which 
oxidises the last traces of base metals. No fiuxes are employed, 
but a little bone-ash or hearth mixture is sprinkled on to the 
bath towards the end of the operation in order to collect the 
* Curtis, Mon. U.S. Oeol. Sttrvey, vol. vii.. 1884. 
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floating oxides in a stiif slag, which is then removed by touching 
with an iron rod, to which it adheres. After careful skimming 
the silver is cast into bars, which assay from 998'5 to 999 '4 
fine. 

This silver was found to be too fine for the market, and 
accordingly of late the ingots have been re-melted in large 
plumbago crucibles in a wind furnace with the addition of a 
sufficient proportion of copper to reduce the fineness to 997 
exactly. The melting is done without fluxes, and any small 
quantity of slag formed is removed by touching it with a cold 
iron rod immediately before pouring. The moulds are perfectly 
clean, warmed, and blackleaded, but no oil or other substance is 
found necessary to give a clean surface or prevent sprouting. 
Just before pouring, a single large stick of charcoal is laid across 
the surface of the metal, and this is found to absolutely prevent 
all sprouting during cooling, provided the metal is poured at the 
right temperature — i.e., not too hot. Sometimes a little slag is 
found on the top of the bar, but this is so small in amount that 
one man can clean, chip, weigh, and stamp sixty bars in a day 
of eight hours. 

Losses by Volatilisation. — There are very few figures 
obtainable on this point. The average loss of lead, however, on 
the whole refining process is supposed to vary between 3 and 8 
per cent, by far the largest part of which is in the cupellation ; 
similarly, the true loss of silver varies between J and IJ per 
cent., mostly in the final stages. Even of these amounts, how- 
ever, a portion is always recovered from the fume chambers. 
At Kongsherg* the loss of lead is said to have averaged formerly 
6|- per cent, of all the lead melted on the cupel. At Przibram,\ 
the cupellation losses average 0'83 per cent, of the silver, and 
4'33 per cent, of the lead. 

Owing, howev.er, to the use of the ordinary uncorrected low 
temperature cupellation — or combined scorification and cupella- 
tion — assay for the work-lead or base bullion treated, the 
working loss of silver is usually well within the assay loss, and, 
consequently, most refineries are able to show an apparent 
excess of production, or plus clean-up, which may reach as much 
as ^ per cent, on the total silver turned out. 

Comparison between the German and English Methods. 
— The advantages of the German system of cupellation in con- 
nection with comparatively low grade rich leads, such as those 
from the Pattinson process, are : — 

1. Smaller consumption of fuel. 

2. Possibility of producing a considerable proportion of pure market 
litharge free from impurities and low in silver, wliioh sometimes sells 
better than lead itself. 

* Percy, Metallurgy of Silver and Gold, vol. i., p. 512. 
t Schnabel, op. cit., vol. i., p. 597. 
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The English system is specially suited to the treatment of the 
rich lead obtained by the Parkes process, but it possesses the 
following general advantages : — 

1. Smaller first cost of plant for a given output of silver. 

2. Saving of 50 per cent, or more of the labour cost. 

3. Saving of three-fourths the cost of hearths and hearth material. 

4. Smaller quantity of hearth material to be re-smelted. 

Except in Germany itself, the German type of furnace has 
been almost entirely superseded by the English furnace with its 
modern improvements. 

Analyses of Cupellation Products. — The following table 
shows the composition of products of cupellation, chiefly at 
Przibram : — 



TABLE XLTV. 







Przibram. 


Litharge. 




Antimony 
Skimmings. 


Litharge. 


Cupel 
Bottom. 


Flue-dust. 


Reference, 


1. 


2. 


3. 


4. 


S. 


PbO, . 
CuO, . 
BiaOs, 
M0O4, 
AsjOs, 
SbjOs, 
SnOs, . 
Ag, . 
AgjO,. 
AI2O3, 
Fe^Oj, 
ZnO, . 
NiO, . 
CaO, . 
MgO,. 
COj, . 
SiO^, . 
SOs, . 
H2O, . 




89-82 
0-28 

6-92 
5-85 
tr. 
0-004 

6-32 

014 

tr. 

0-04 

0-95 

6-37 
0-22 


98-370 
0-069 

o-'6io 

0-074 

0-064 
0-072 
0-010 
0-009 
0-005 
0-256 

0-383 
0-320 
0-034 


68-860 

0-070 

tr. 

tr. 

0-530 

0-070 
2-120 
0-300 

tr. 

13 '56 

10 -eo 
2-97 

0-04 


64-41 

tr'. 

tr. 
11-40 

o-oia 

0-50 

tr. 

4-35 
16-65 


85-34 
0-61 
0-23 

0-08 
2-94 

0-'99 
0-22 
0-01 
0-26 
0-03 
1-25 
0-12 
0-32 
0-24 






99-616 









References. — 1, 2, 3, and 4. Hofman, Metallurgy of Lead, p. 376. 
Wait, Trans. A.I.M.E., vol. xv., p. 463. 
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Treatment of Bye-products. —The bye-products of cupel- 
lation (leaving out of consideration special products containing 
bismuth, the treatment of which has been already referred to) 
are flue-dust, cupel bottoms, and litharge. The two former 
always go back to the ore blast furnace. 

From the German hearths, treating lead of only moderate 
richness, part of the litharge is always pure and sufficiently low 
in silver to be sold as such, the remainder is smelted to lead, 
either alone or in the ore furnace. The litharge from the 
English furnace treating enriched lead is never poor enough in 
silver for market, and must be smelted, either with dry silver 
ores or alone, though sometimes a portion of it can be advan- 
tageously added to impure leads in the softening furnace, as 
already seen. 

At Schemnitz (Hungary), Sala (Sweden), and perhaps some 
other places, the stream of molten litharge from the furnace 
runs direct into small iron cylinders filled with glowing charcoal 
standing on a grate over an iron pot. Tlie litharge is completely 
reduced to metal by the glowing charcoal, the consumption of 
which does not exceed 10 per cent, by weight of the lead pro- 
duced.* Any fume given off is drawn into the main flues by 
means of a hood. 

* Theory requires leas than 6 per cent. 



350 APPENDIX. 



APPENDIX. 



The remarks on p. 272, with reference to the Wetherill process 
of Magnetic Separation, were originally penned some two years 
ago, since when the author understands that experiments 
with this process on a working scale have been undertaken 
by some of the Broken Hill Companies, with a view to testing 
its applicability to the conditions there prevailing. No par- 
ticulars have, however, to the author's knowledge, been hitherto 
published as to the practical success of these experiments. 
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Page 13, 4th line from top,/or "^ grain" read " i- gramme.'' 
16, 5th line from bottom, _/br "largely" read "lazily."' 
28, 6th line from bottom, to second member of equation 

add " + 2 CO." 
35, 9th line from bottom, _/br " hyposulphate " read "hypo- 
sulphite.'' 
41, 11th line, ybr "react upon the sulphide" read "react 

upon the sulphate.'' 
49, 12th line, /or "analyses of produce" read "analyses of 

products." 
55, 2nd line from bottom, /or "cut in" read "culm." 
58, Table X., 2nd column, ybr "Engir" read " Engis." 
73, Table XI., 1st column, /or "HgO" read "H2O." 
77, 8th line, /or " Pearse" read " Pearce." 

81, 34th line, /or "below" read "on next page." 

82, description. Figs. 32 and 33, for "Wellner stall" read 
" Improved roasting stalls." 

92, 9th line from bottom, /or "rabble" read "rubble" 
97, Table XIII., 3rd column, 2nd line from bottom, for 
"20/6" read "2/6." 
110, 32nd line,/or "Schetel" read "Schertel." 
120, 9th line from bottom, /or "strong" read "stony." 
150, description. Figs. 65 and 66, for " arrangements for 
charging furnaces " read " Broken Hill Block 14 
furnaces, Port Adelaide, S.A." 
152, 27th and 28th lines,/or "T-beams" read "I-beams." 
152, 2ad line from bottom, /or "brick stays" read "buck- 
stays." 
156, description, Fig. 69, /or "cast-iron" read "wrought- 
iron." 
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Page 162, description, Fig. 7i,for "Tuyere" read "Tuyere-box 
and valve." 

163, 27th line,/o?- "trickling" read "buckling." 

166, description, Figs. 82-84, for "slag-pot" read "catch- 
pot." 

169, description, Fig. 89,_/br "large slag-pot (double)" read 
" large crane-handled settling-pots." 

197, footnote, /or "Oct., 1887" read "vol. vi., p. 29." 

204, 1st line,/oj- "table" read "rabble." 

238, Table XXXI., 7th column, /or "57-31 per cent. PbS" 
read "57-31 per cent. PbSiO^." 

307, 15th line, /or "-pot" read "-pit." 

313, Table XXXVIII., 14th line,/or "pans' read "pots." 
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Absorption on cupel hearths, 336. 
Abstrioh from softening furnaces, 281. 
.,, cupelling furnaces, 331. 
Abzug from cupelling furnaces, 331. 
Accretions, Composition of, 216. 

Furnace, 131, 153, 163, 
216; see also Hangings 
and Zinc. 
„ Removal of, 192, 229. 

Agglomeration in roasting furnaces, 

78 
Air-cooled hearths, 65. 
Air-cooling of furnace gases, 240. 
Aitken on dust condensation, 241. 
Alexander, volumetric lead assay, 9. 
Alloys of lead, 25. 

,, Zinc and silver, 315. 
Altai, Barytio mattes in the, 131. 
Altenau, Absorption at, 337. 

, , Corduries' process at, 320. 
Alumina in lead slags, 115, 116, l.SO. 
Aluminium-zinc, Preparation of, 315. 
,, Use of, in desilver- 

isation, 314. 
,, Use of, at Hoboken, 

315. 
American Carinthian furnace, 44. 
,, circular water-jacket fur- 
nace, 146. 
,, ore hearth, 65. 
,, rectangular water-jacket 
furnace, 147. 
Analyses of antimony skimmings, 348. 
„ blast furnace charges, 1 79. 

„ charge in Flintshire fur- 

nace at various stages, 
49. 
,, commercial brand of lead, ' 

23. 
„ complex lead ores, 75. 

,, copper dross from soften- 

ing furnaces, 280, 293. 
,, oupellation products, 348. 



Analyses of flue-dust, 73, 238, 320, 348. 
,, furnace accretions, 217. 

,, grey slag, 73. 

,, hard or antimonial lead, 

293. 
„ lead mattes, 200, 225. 

lead slags, 210, 225. 
,, Leadhills ore hearth slag, 

64. 
,, Leadville sulphide ores, 37. 

,, litharge, 348. 

,, ores for blast furnace 

smelting, 125. 
,, pigment, 73. 
,, productsof Corduries' pro- 

cess, 320. 
, , ,, of Lewis and Bartlett's 

process, 73. 
,, rich lead, 320. 

,, ,, oxides, 320. 

,, roasted lead ores, 125. 

,, slags, see Lead slags. 
,, speisses, 207. 
,, work -lead, 197. 

, , , , before and after 

liquation, 280. 
,, zinc crusts (liquated), 314. 

Anglesite, 34. 
Anthracite in the blast furnace, 134. 

,, see also Cvlm. 

Antimonial lead. Analyses of, 293. 
„ at Port Pine, 294. 
,, ,, Production of. 292. 

, , slag at Port Pirie, 294. 

Antimony, Compounds of — 
in the lead blast furnace, 129. 
in roasting, 76. 

interfering with desilverisation, 
275, 305. 
Antimony skimmings, 280, 281, 288. 
,, ,, at Port Pirie, 294. 

„ ,, Treatmentof,292. 

Apparent and real smelting losses, 
257, 347. 
,, losses in smelting, 254. 
23 
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Arents' automatic or syphon tap, 151. 
Argentine smelting works, 23, 202. 
Arkansas Valley smelting works, 

170, 200. 
Arsenic, Compounds of — 
in the lead blast furnace, 129. 
in roasting, 76. 

influencing desilverisation, 275. 
interferingwithParkesprocess,.305. 
,, ,, Pattinson process, 

296. 
skimmings, 281. 
Ashcroft eleotrolytio process, 268. 
„ „ Difficulties of, 270. 

, , zinc oxide process, 266. 
Assay for arsenic, 177. 
„ ,, copper, 176. 
,, ,, iron, 174. 
,, ,, lead, 6-10. 
,, ,, ,, Colorado method, 7. 
,, ,, ,, iron crucible method, 6. 
,, ,, ,, volumetric method, 

Alexander, 9. 
,, ,, ,, volumetric method, 

Knight, 10. 
,, „ ,, von Schultz & Low, 9. 
,, ,, lime, 175. 
,, ,, manganese, 176. 
,, ,, silica, 17-*. 
, , , , silver and gold by crucible, 

14. 
,, ,, silver and gold by scorifi- 

cation, 12. 
,, ,, silver and gold in coppery 

material, 18. 
,, ,, sulphur, 177. 
Aurora works, 155, 204. 
Austin, 134, 16-i, 168, 173. 
Automatic tap, see Syphon tap. 
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Balling, 7, 110, 115. 
Barium sulphide in lead mattes, 131. 
"Barring down," 121, 153, 192. 
Bartlett's lead-zinc pigment, 264. 
,, process, 263, 2B4. 
,, smelting furnace, 264. 
Baryta in lead slags, 1 1 9, 131, 209, 222. 
Base-bullion, 110, 195. 

„ Analyses of, 197. 

,, Desilverisation of, 273- 

349. 
,, Desilverisation of,, by 

cupellation. 273. 
,, Desilverisation of, by 

Parkes process, 295. 



Base-bullion, Desilverisation of, by 

Pattinson process, 305. 
Bell, Sir Lowthian, 113. 
Berthier, 29. 

Bessemerisation of lead bullion, 276. 

,, ,, sulphide, 31. 

Bimetallic smelter. Flue-dust at, 249. 

Bismuth concentration in cupellation, 

336. 

,, concentration in Pattinson 

process, 299. 
, , extraction in silver-refining, 

338. 
„ Influence of, in desilverisa- 
tion, 275. 
Blast, calculation of amount re- 
quired, 229. 
,, gauge, Correct use of, 190. 
, , Machinery for, 1 59. 
,, pressure, 159, 190, 335, ^40. 
,, required for cupellation, 335. 
Blast furnace charges. Calculation of, 
177-186. , 
charges, Reactions of, 

124. 
gases. Composition of, 

122. 
gases. Temperature of, 

121. 
Reduction in the, 121, 

122. 
slags. Composition of, 
113-119. 
Blast furnace smelting — 
Cost of, at Broken Hill, 234. 

,, at Denver, 233. 
Examples of, 218-235. 
American works, 233, 234. 
Broken Hill. 227. 
Casapalca, 235. 
Clausthal, 223. 
Freiberg, 218. 
Goslar, 222. 
Laurium, 215. 
Mazzarron, 226. 
Mechernich, 221. 
Port Adelaide, 228-232. 
Przibram, 226. 
Tombstone, 2;^5. 
Irregularities in, 189-194. 
cracked jackets, 194. 
dark tuyeres, 191. 
fine ore, 189. 
hearth accretions, 193. 
hot top, 191. 

obstruction of syphon tap, 191. 
uneven descent of charges, 191. 
wall accretions, 192. 
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Blast furnace smelting — 
Losses in, 2o6. 

,, flue dust, 250. 
,, slags, 211. 
Objects of, 109. 
of roasted mattes, 205. 
Plant required for, 136-173. 
blast production, 140, 158. 
charging arrangements, 153, 
crucible and automatic tap, 151. 
dimensions of furnace, 139, 149. 
feed floor, 153. 
foundations, 151. 
General arrangement of, 136. 
Height of, 13S, 149. 
jackets, 154-158, 163. 
matte separators, 171-173. 
mode of tapping, 1.39. 
shaft, 161. 
slag pots, 165-169. 
slag spouts, 163. 
syphpn tap, 151. 
take-off, 153. 
tuyere area, 137. 
,, nozzles, 161. 
,, ratio, 160. 
,, valves. 162. 
tuyeres, number, diameter, &c., 
of, 13S, 160. 
Principles, 108. 
Products, 195, 217. 
Working force required, 191, 220, 
223, 253. 
Blast furnaces — ■ 

American circular, 145. 
Large rectangular, 146. 
at Clausthal, 143 
at Freiberg, 140. 
at Globe works, Denver, 149. 
at Goslar, 142. 
at Great Falls, Mont., 147. 
at Mazzarron, 227- 
at Port Adelaide, 150. 
atPrzibram, 144, 226. 
Block 14 Smelting vrorks — 
Composition of ore at, 261. 
Concentrating plant of, 260. 
furnace construction, 150. 
Hangings at. 229. 
Non-formation of matte at, 231. 
Oxidising atmosphere at, 109, 126, 

230. 
Roasting at, 97. 
Slag composition at, 119, 232. 
Smelting at, 228. 
Blowers, Furnace, 140, 159. 
Blowing-in, 186. 
Blowing-out, 187. 



"Blowing-up" argentiferous copper 

matte, 293. 
Blue powder from Ashcroft process, 
269. 
,, ,, crust - retorting, 

326, 329. 
,, ,, Lewis & Bartlett 

process, 73. 
Boliche, 50. 

Bone ash for cupel hearths, 344. 
Bosh of jackets, 154. 
Bottle retort furnace, 324. 
Bottom crusts, 139, 140. 
Brasque, 143, 145, 146. 
Bretherton, use of burnt lime, 113. 
Bricking of flue-dust, 251. 

slag, 214. 
Bridgman ore sampler, 3. 
Broken Hill Proprietary Company's 
works, 118, 227. 
, , Flu e dust losses at, 228, 

251. 
, , Concentration at, 260. 
, , slag tap, 172. 
,, Ores smelted at, 75. 
,, slag spout, 163. 
Brown-AUen-O'Hara furnace, 96. 
,, -De-Camp fume collector, 247. 
,. Horse-shoe furnace, 98. 
Bruckner cylinders, 105, 204. 

„ „ at Germania works, 

106, 204. 
Brunton quartering shovel, 5. 

,, ore sampler, 3. 
Bullion concentrates, 34 i, 346. 
Burggraf, 25. 

Burnham Syndicate process, 264. 
Burnt lime as flux, 112, 113. 
Butte Reduction works, 104. 
Bye-products of — 
bag process, 73. 
crust-retorting, 329. 
cupellation, 349. 
lead refining, 294. 
ore hearths, 69. 
reverberatory smelting, 58. 
softening furnace, 292. 

composition, 295. 
,, treatment, 293. 



Caloin.\tion of lead ores, 48 ; see 

also Roasting. 
Calculation of charges, 177-186. 
Carbon in the blast furnace, 121. 
Carbonates, Decomposition of, 121. 
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Carbonic oxide in the blast furnace, 

121. 
Carinthian furnace, 44. 

,, process of lead smelting, 43. 
Cartagena, Flue-dust treatment at, 

253. 
Casapalca, Smelting at, 235. 
Cast-iron softening pans, 281. 
,, water jackets, 155. 
Cast-steel refining kettles, 279, 289. 

,, water jackets, 158. 
Castilian furnace, 59. 
Casting lead from kettles or pans, 

289, 290. 
Catch-pots, 166. 
Cement for cupel hearths, 344. 
Cerussite, 33. 

Charcoal for smelting, 133. 
Charges, Blast-furnace, 124, 177-186. 
Calculation of, 177-186. 
for crucible assay, 1 5. 
,, soorifioation assay, 12. 
,, treatment, 255. 
Uneven descent of, 191. 
Weight of, 188. 
Charging, Method of, 188. 
Chemical properties of lead, 22. 
Church, 128, 251. 
Clarkson's ore sampler, 2. 
Claudet, A., 197. 

Clausthal, Analyses of products at, 
225. 
,, Blast furnace at, 143. 

,, Composition of lead at, 23. 

,, „ ores at, 75. 

,, Precipitation process at, 

111, 223. 
Clay, Use of, for bricking flue-dust, 

251. 
Coal consumption, see Fuel coiisump- 
tion. 
„ in the blast furnace, 134. 
Cobalt in cupel dross, 331. 
,, in lead matte, 205. 
Cockle-Creek works. Electrolytic de- 
position of zinc at, 
270. 
,, Roasting at, 93, 97. 

Coke compared with charcoal, 134. 
„ in blast-furnace smelting, 133. 
,, towers for flue-dust condensa- 
tion, 244. 
Colorado lead assay, 7. 

,, smelting works, 97. 
, , type of roaster, 92. 
,, Volatilisation loss in, 8. 
Commercial assay for silver, 19. 
,, brands of lead, 23. 



Commercial lead ores, 34. 

Compass ring in cupel furnaces, 338, 

339. 
Concentration by magnetic separa- 
tion, 272, 350. 
,, of lead matte, 224. 

,, of lead ores, 260. 

Condensation of flue-dust, 241-249, 

see Flue-dii-st condensation. 
Conductivity of lead, 22. 
Consumption of fuel, see Fuel con- 
sumption 
Cooling of furnace gases, 240. 
Cooling-pot, Tapping lead into, 196. 
Copper-dross, see also Dross. 

,, ,, Composition of, 279, 

280, 293. 
„ ,, Treatment of , 292. 

,, in the blast furnace, 128. 
„ in cupel-dross, 331. 
,, in lead-dross, 191. 
,, Influence of, in desilverisa- 

tion, 275. 
,, Influence of, in Pattinson 
process, 296. 
Corduries' process, 320. 

,, ,, products. Com- 

position of, 
.321. 
,, ,, ,, Treatment of, 

321. 
Cornish process of lead smelting, 43. 
Cost of blast-furnace smelting — 
in Australia, 254. 
at Canon City, 264. 
in the United States, 253. 
,, refining by Parkes process, 

330. 
,, roasting furnaces — 

Brown- AUen-O'Hara, 96. 
Colorado reverberatory,94. 
Pearce turret, 99. 
Ropp straight line, 103. 
„ smelting by Bartlett process, 

264. 
„ ,, in reverberatories, 

57. 
Coueron, Flintshire furnaces at, 46, 

57. 
Cowley process for zinc pigment,265. 
Cowper system of flues, 244. 
Cracked waterjaokets, Removal of, 

194. 
Crucible assay, Charges for, 15. 

, , , , f or silver and gold, 1 1 . 

,, of lead blast furnaces, 139, 

151. 
„ refining of silver, 337. 
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Crusts, Bottom, 132. 

,, Zinc-, see Zinc-crunts. 
Crystallisation of lead slags, 120. 
"Culm, "44, 55 

Cup charging arrangement, 144. 
Cupel-dross, Copper in, 331. 

,, -skimmings, Impurities in, 331. 
Cupellation, Behaviour of impurities 
in, 331. 
,, Bye-products of, 349. 

,, comparison between 

English and German 
systems, 347. 
,, Losses in, 274, 347. 

,, of base bullion, 273. 

,, of lead buttons, 16. 

,, on English system — 

examples, 346. 
furnaces, 339-344. 
mode of working, 345. 
, , on German system — 

comparative data, 

335. 
concentration of bis- 
muth, ;-l36. [333. 
furnaces employed, 
mode of working, 334. 
products, 335. 
silver refining, 337. 
, , Volatilisation—loss in, 

347. [273. 

,, with simple appliances. 

Cupelling furnaces, English and Ger- 
man compared, 332 
,, Blowing up copper 

matte in, 293. 
,, hearth material, 344. 
,, Lynch test support, 

343. 
„ of English type, 339. 
,, test-rings and sup- 
ports, 340-344. 
,, water-jacketed tests, 
342. 



Da VIES slag escape, 160. 
Deck-frame of blast furnaces, 152. 

,, -plates, 152. 
Decomposition of lead sulphide, 28. 
Desilvorisation, see also Parkes pro- 
cess — [306. 
,, Arrangement of plant for, 
,, by bessemerisation, 276. 
,, Comparative data of, 313. 
, , comparison of methods, 274, 
330. 



Desilverisation, see also Parkes pro- 
cess — 
„ Cost of, 330. [274. 

„ Electrolytic methods of, 
,, Fuel-consumption in, 311, 



31.3. 



[275. 



,, Influence of impurities on, 
,, Losses in, 274, 330. 
,, Plant required for, 306. 
,, Pots for, 307. [314. 

,, Use of aluminium-zinc in, 
,, Zinc required for, 308, 312, 
Devereux tuyeres, 161. [313, 

Dewey, 20, 73. 

Dimensions of desilverisation pots, 
.307. [149. 

,, lead blast furnaces, 

,, reverberatory lead 

furnaces, 56. [282. 
,, softening furnaces, 

Distillation of zinc crusts, 322. 
at Port Pirie, 326. 
Comparative data of, 327. [327. 
Comparison of furnaces used for, 
in bottle-retort furnaces, 324. 
in Faber du Faur furnaces, 325. 
in iixed crucible furnaces, 322. 
in fixed tube-retort furnaces, 323. 
Distribution of silver in lead ingots, 

197. 
Dressing of lead ores, 26. [260. 

,, ,, at Broken Hill, 

Dross, furnace. Analyses of, 280. 
,, Composition of — 
at Freiberg, 279. 
at Port Pirie, 289. 
in America, 286. 
,, ,, Poverty of , 196. 

,, ,, Separation of, on 

cooling, 191. 
,, Ketort, see Retort dross. 
Dross, softening — 

Consumption of fuel in, 286. 
furnace. Charges for, 278. 
Furnaces for, at Port Pirie, 282. 

,, in America, 284. 

method of operation, 285. 
Modern practice in, 281. 
Stages of, 280. 

„ at Freiberg, 281. 
,, at Przibram, 281. 
,, in Germany, 280. 
Time required for, 287, 288. 
Use of kettles in, 277. 
Ductility of lead, 21. 
Duration of cupel hearths, 344. 

,, desilverisation pots, 313. 

, , refining kettles, 279. 
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Eglestos", 257. 
Eilers, A., 110, 162. 
Electrolysis of zinc-silver alloy, 328. 
Electrolytic deposition of lead, 274. 
,, zinc, 268. 
271. 
El Paso, Bricking flue-dust at, 251. 

Smelting Works, 92. 
Ems, Construction of flues at, 242. 
,, Flue-dust condensation at, 237. 
„ Freudenberg plates at, 24 "i. 
,, Recovery of flue-dust at, 250. 
English process of cupellation — 
Compared with German, 347. 
Examples of, 346. 
Furnaces employed, 339-344. 
Mode of working, 345. 
Refining on the hearth, 345. 
English re verberatory lead smelting — 
Composition of charge at various 

stages, 49. 
Furnaces employed, 44-55. 
Mode of working, 47. 
Eureka, Ores smelted at, 125. 
,, Pattinson process at, 303. 
,, Speiss treatment at, 21)8. 
Enrich, 155, 252. 
Exterior forehearths, 168. 



Feed-Floob, 188. 
Feeding, Method of, 188. 
Ferrari roasting furnace, 96. 
Fine ore, Bricking of, 252. 

, , in blast furnaces, 1 89. 
Filtration methods of fume collection, 

246, 247. 
Fire-brick cupel hearths, 341, 344. 
Fire-tops, 191. 
Flintshire furnace, 45. 

,, Mode of working, 
47. 
Flowing furnace and process, 55. 
Flue-dust, Analyses of, 238. 

,, Amount of, recoverable, 

249, 250. 
,, Bricking of, 251. 

Condensation of, 240-247. 
,, Condensation of, by 

Cowper flues, 243. 
, , Condensation of, by filter- 

ing methods, 247. 
,, Condensation of, by forc- 

ing through water, 248. 



Flue-dust, Condensation of, by Freu- 
denberg plate3,244,246. 
„ Condensation of, by elec- 

tricity, 247. 
,, Condensation of, by 

ROsing wires, 246. 
,, Condensation of, by 

spraying with jets, 249. 
,, from Corduries' process, 

321. 
, , Presence of lead sulphide 

in, 237. 
,, production at Ems, 250. 

,, at Freiberg, 

221. 
,, ,, at Globe 

works, 247. 
,, ,, at Omaha, 

247. 
,, Treatment of, by bricking, 

251, 252. 
„ Treatment of, by fusion, 

252. 
Flues, Construction of brick and 
stone, 241. 
,, Construction of sheet-iron, 

240. 
,, Construction of Monier 

concrete, 243. 
„ Cowper subdivided, 243. 
,, Freudenberg plates in, 244. 
,, Underground, 242. 
,, Use of baffle-walls in, 242. 
Fluxes, Proportion of, 111. 
Forehearths, 168. 
Foreign substances, Influence of, in 

reverberatory smelting, 41. 
Formulae of lead slags, 1)6-119. 
Foster, Dr. C. Le Neve, 32. 
Foul slags, 112, 215. 
Foundation plate, 145. 

,, of blast furnaces, 151. 

Fractional selection in sampling, 1 . 
Freeland, 36. 

Freiberg, Concentration of bismuth 
at, 336. 
,, Crucible distillation fur- 

na,ce at, 322. 
,, Cupellation furnaces at, 

334. 
,, Freudenberg plates at, 

246. 
,, Gerstenliofer furnace at, 

106. 
Kiln-roasting at, 84, 202. 
,, kilns at Lautenthal, 202. 

,, Liquation of coppery lead 
at, 27.). 



INDEX. 



359 



Freiberg, Liquation of zinc-crust at, 
317. 
,, Ores smelted at, 125. 
, , Pattinson process at, 299. 
,, Pilz furnace at, 141. 
,, Recovery of flue-dust at, 

250. 
,, Re verberatory roasting at, 

91, 97. 
,, Smelting furnace at, 141. 
,, Smelting process at, 218. 
,, Zinc required for desilver- 
isationat, 307, 311. 
Freudenberg plates at Ems, 244. 

, , , , Freiberg, 246. 

Fuel in the blast furnace, 135. 

consumption in heap-roasting, 

81. 
consumption in blast-furnace 
smelting, 135, 220, 222, 223, 
226, 230, 2.J5, 236. 
consumption in desilverisation, 

311, 313. 
consumption increased by man- 
ganese, 231. 
Consumption of, in mechanical 

furnaces, 103. 
Consumption of, in refining, 289. 
Consumption of,' in retorting. 

327. 
.Consumption of, in reverbera- 

tory roasting, 89. 
Consumption of, in smelting 

roasted matte, 205. 
Consumption of, in softening, 
286, 288. 

Fume, see Lead-fume and Flue-dust. 
Furman, 8, 16, 19. 
Furnace gases, 121, 122 
Furnaces, see Blast, Medianical, 
Heverheratory, Roasting, and Smelt- 
ing Furnaces. 
Fuse-box, see Fusion hearth. 
Fusion hearth for smelting flue-dust, 
252. 
,, Manipulation of, 93. 

,, on roasting furnaces, 

92. 



Galena, 32. 

,, Silver contents of, 36. 
Gaseous fuel in smelting, 135. 
Gases, blast furnace, Composition of, 
122. 
,, Temperature of , 

121, 239. 



Gases, Cooling of, to recover lead 

fume, 240. 
Gas-fired retort furnaces, 324. 
Germania Works, Salt Lake — 
Bricking flue-dust at, 252. 
Bruckner cylinders at, 1 06. 
Keller furnace at, 104. 
Matte treatment at, 205. 
Speiss treatment at, 209. 
Use of bituminous coal at, 134. 
German cupellation furnaces — 
Comparative data of, 335 
Concentration of bismuth in, 

336. 
Mode of working, 334. 
Gerstenhofer shaft furnace, 106. 
Globe Smelting Works — 
Casting pig lead at, 195. 
Flue-dust recovery at, 247. 

,, treatment at, 252. 
Furnace at, 149. 
Matte-crushing at, 201. 
Matte-separation and slag disposal 
at, 170. 
Gold and silver assays, 11-19. 
,, ,, parting for gold, 17. 

,, ,, „ Losses in, 

19. 
, , Concentration of , in base bullion, 

199. 
,, ,, in speiss, 207. 

,, -crusts, 308, 310, 312, 313 ; see 

also Zinc-crusts. 
,, -zinc at Port Pirie, 312. 
Goslar, Blast-furnace at, 142. 

,, Composition of ore at, 75, 

80, 125. 
„ Grimm process at, 265. 
,, Heap roasting at, 80. 
,, Lead slag produced at, 119, 

131. 
,, Ore-smelting at, 22i. 
Grant Smelting Works, Roasting at, 
97. 
,, „ Slag separation at, 

168. 
Granulation of matte, 200. 

slag, 212. 
Great Falls, Lead furnaces at, ]47, 

148. 
Greenway, T. G., 119, 23L 

, , process for zinc-lead 

sulphides, 271. 
Grey slag from Flintshire furnace, 
58. 
, , Moffet ore hearth, 73. 
Grimm process, 265. 
Guj'ard, 198. 
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Haoen's water-cooler for furnace 

gases, 240. 
Hahn, 118. 
Hampe, 274. 

Hanatier Works, Cast-steel jackets 
at, 158. 
,, Ropp furnace at, 103. 
,, Slaggranulationat,212. 
Hancock percussion jigs, 260. 
Hand-rabbled v. mechanical furnaces, 

107. 
Handling slag at Argentine, 213. 

Globe Works, 170. 
,, Hanauer Works, 

212. 
„ Omaha, 212. 

Hangings, 163 ; see also Accretions. 
„ causing hot-top, 191. 

,, Composition of, 21 fi. 

Removal of, 192, 229. 
Hannay, volatility of lead sulphide, 

30. 
Hasenolever mufHe furnace, 107. 
Hard lead, see Antimonial lead. 
„ Analysis of, 293. 

„ Production of, 292. 

Heap - roasting at Goslar, 80. 

,, at Sunny Comer, 81. 

,, ,, of lead mattes at 

Clausthal, 201. 
,, ,, of ores, 79. 

Hearth accretions (see also Sows), 

193 
Hearths, American water-cooled, 6d. 
„ compared with reverbera- 

tories, 68. 
,, Lead smelting in, 61. 

„ Moffet Jumbo, 66. 
,, Rossie, 65. 
,, Scotch, 62. 
Henrich, C, 118, 127, 189. 
Hoboken, Desilverisation at, 315. 
,, Sehnabel's process at, 321. 
,, Silver-refining at, 337. 
,, Tube-retorts at, 323. 
Hofman, H. 0., 20, 36, 44, 78, 115, 
118, 119, 130, 151, 196, 251, 257, 
286, 312, 330, .340, 344. 
Holywell, Smelting at, 57. 
Hot-blast, 111. 
Hot-top, 191. 
Howard skimmer, 310. 
Hunicke, 263. 
Huntington, A. K., 31. 
Huntington, T., 287. 
Hutchings, W. M., 287. 



I 



Iles, M. W., 8, 118, 120, 121, 159, 

170, 239. 
" Improving" or softening, 276. 
Impurities in commercial brands of 
lead, 23. 
„ lead assay buttons, 9. 

,, ,, influencing de- 

silverisation, 
275, 305. 
Inclined beds to reverberatories, 96. 
Iron crucible assay for lead, 7. 
„ Free, in lead mattes, 198. 
,, ,, in sows, 216. 
,, ,, in speisses, 206. 
,, Occurrence of, in mattes, 28, 

129. 
,, ore as flux. 111. 
,, Subsulphide of, 129. 
Irregularities in furnace working, 
see Blast-furnace smelting. 



Jenkins and Smith, 31. 
Joplin, Mo., Smelting at, 66. 
Jordan, 126. 
Jumbo ore-hearth, 67. 



K 

Keith, N. S., 274. 
Keld Head, Flue-dust recovery at, 
250. 
„ Ore hearth at, 62. 

Keller, Ed., 198, 211. 
Keller, H. A., 215. 
Keller- Cole-Gay lard roasting furnace, 

104. 
Keller slag pot, 165. 
Kerl, 331. 

Kernel-roasting, 79. 
Kettles, Dimensions of, 278. 
,, Liquation in, 317. 

Refining in, 278. 
,, ,, drawbacks, 279. 

,, Softening in, 277. 
Kiln-roasting, 84. 
at Lautenthal, 202. 
at Mansfeld, 203. 
Kilns, Roasting, 83, 202, 203. 
Knighrt, volumetric assay for lead, 

10. 
Kongsberg, Cupellation losses at, 
347. 
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Landsberg, 25. 
Lang, H., 123, 257. 
Lautenthal, Corduries' 
320. 



process 
furnace 



at, 



Cupelling furnace at, 

3.13. 
Kettle - softening at, 
277. 
, , -refining at, 

278. 
Kiln-roasting at, 202. 
Sohnabel's process at, 
321. 
,, Silver refining at, 337. 

Lead, Alloys of, 25. 
, , Analyses of commercial brands 

of, 23. 
,, ,, work-lead, 197. 

,, Assay for, dry methods, 6-9. 
,, ,, wet methods, 9-11. 

,, carbonate, 31. 
,, Chemical properfes of, 22. 
,, Conductivity of, 22 
,, Deposition of, by electrolysis, 

274. 
,, Desilverisation of, 273 ; see 

Desilverisation. 
„ Fusibility of, 22. 
,, -fume, see Flue-dust. 
, , , , Analyses of, 238. 

„ „ at Broken Hill, 228. 

,, )> a-t Linares. 59. 

,, ,, Bricking of, 251. 

,, ,, Condensation of, 239- 

250. 
,, ,, Condensation of, by bag 

process, 69. 
„ ,, Condensation of, not 

effected by mere set- 
tling, 239. 
,, Impurities m commercial, 23. 
, , -lined towers for fume conden- 
sation, 49. 
, , Loss of, in blast furnace smelt- 
ing, 211, 256. 
,, ,, in cupellation, 347. 

,, ,, in desilverisation,330. 

,, ,, in roasting, 78. 

,, Malleability of. 21. 
,, -mattes, see Mattes. 
,, -ores, AJnalyses of, 37, 75. 
,, ,, Proportion of silver in, 

33 
„ Oxides of. 26. 124. 
, , Peroxide of, 27. 
see S/ayt. 



Lead smelting in blast furnaces, see 
also Blast-furnace nmelting — 
Comparison of ores for, 125. 
reactions in the furnace, 124. 
Lead smelting in hearths, 6 1 . 
at Joplin, Mo., 68. 
at Keld Head, 64. 
Lead smelting in reverberatories, 40. 
at CouBron, 50. 
in Flintshire, 47. 
at Linares, 51. 
at Tarnowitz, 52. 
Bye-products of, 58. 
Influence of foreign substances 
on, 41. 
Lead, Specific gravity of, 21. 
„ sulphate, 29, 126. 
,, sulphide, 27, 126 
,, ,, Decomposition of ,28. 

,, ,, Reactions of, with 

sulphate and oxide, 
31. 
,, „ Volatility of, 31. 

„ -well, 139, 152. 
Leadville, Cleaning foul slag at, 215. 
,, Flue-dust oondensationat, 

249. 
, , sulphide ores. Analyses of, 

37, 75. 
Le Chatelier, 22, 113. 
Ledoux, losses in assaying, 20. 
Letrange process, 268. 
Levol, 24. 

Lewis and Bartlett bag process, 69, 
247. 
Analyses of products of, 73. 
Lewis and Bartlett cooling pipes, 71. 
,, ,, filter-bags, 72. 

,, ,, slag-hearth, 70. 

"Life" of desilverisation pots, 302, 
313. 
,, refining kettles, 279. 

Lime as flux, 1 12. 

,, for bricking flue-dust, 251. 
, , in Flintshire furnace, 50. 
Limestone aS flux, 111. 

,, Temperature of decom- 

position of, 113. 
Linares, Cowper flues at. 241. 

,, Flue-dust treatment at, 

■250. 
,, Fume smelting at, 54. 
,, Pattinson process at, 299. 
,, Beverberatory smelting at, 
51. 
Liquation furnace at Port Pirie, 
317. 
,, in furnaces, 317. 
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Liquation in kettles, 317. 
,, kettles, 317. 
,, of antimony skimmings, 

292, 294. 
,, of oopper^dross, 292. 

, , of cupriferous lead, 279. 

,, - of zinc-crusts, 315. 
Litharge from cupelling furnaces, 
335. 
-notchi 334, .335, 342, 343. 
,, Properties of, 26. 
,, Red colour of, 335. 
, , Reduction of, 347. 
Lithopon, Manufacture of, 265. 
Lixiviation of zinc sulphate, 265. 
Lodin, 27, 31. 
Lone Elm, composition of lead, 23. 

Smelting Works, 69. 
Loss of gold in commercial assay, 19. 
, , lead in cupellation, 347. 
,, ., desilverisation, 274, 

321, 330. 
„ ,, dry assay, 8. 

,, ,, roasting, 78. 

.. >> slagging, 78. 

,, „ smelting, 211, 250, 

264. 
,, silver, Apparent v. real, 

347. 
,, ,, in commercial assay, 

19, 20. 
,, ,, in cupellation, 347. 

,, ,, in desilverisation,274. 

321. 
,, ,, in dressing, 33. 

,, ,, in Parkes' process, 

330. 
,, ,, in roasting, 78. 

,, „ in Schnabel's process, 

.321. 
,, „ in smelting, 211, 250, 

264. 
Losses of silver and lead in blast 
smelting — 
by Bartlett's process, 264. 
in flue-dust, 250. 
in slags, 211. 
Low and von Schultz, wet lead assay, 

Lump ores, Different methods of 
,, roasting, 84. 

, , Roasting of, in heaps, 

79. 
, , , , in kilns, 83. 

,, „ in stalls, 

82. 
Lunge, 24. 
Lynch test support, 340, 343. 



Magnesia brick for cupel hearths, 
344. 
,, in lead slags, 130. 

Magnetic separation of garnet, 272. 
Magnetite in mattes, 198. 
,, in slags, 211. 

,, in speiss, 207. 

Malleability of lead, 21. 
Manganese increasing fuel consump- 
tion, 235. 
in lead slags, 119, 235. 
, , ores as flux, 111. 

,, oxides in the blast fur- 

nace, 128. 
Mansfeld, Bricking flue-dust at, 252. 
,, Kiln-roasting at, 203. 
„ Slag brick at, 204. 
Market pot in Pattinson process, 296. 
Marl for cupel-hearths, 332. 
Matte, Analyses of, 200, 225. 
,, Composition of, 197. 
,, Copper collected in, 128, 197. 
,, Crushing of, 201. 
,, Granulation of, 200. 
„ Lead, 28, 56, 197. 
,, Magnetite in, 198. 

Metallic iron in, 28, 129, 198. 
,, Nickel and cobalt in, 205. 
,, Non-formation of, at Port 

Adelaide, 231. 
, , Pastiness of, 1 32. 
,, Percentage of sulphur in, 199. 
,, Preparation of, for roasting, 

199, 201. 
,, rich argentiferous. Treatment 

of, 293. 
,, roasted. Smelting of, 204. 
„ -roasting in heaps, 201. 
, , , , in kilns, 202. 

,,. ,, in mechanical fur- 

naces — 
Brown horse-shoe 

furnace, 203. 
Briickner cylin- 
ders, 204. 
Pearce turret fur- 
nace, 204. 
Ropp furnaces, 204. 
,, ,, in reverberatories, 

203. 
„ ,, in stalls, 202. 

,, -taps, 171. 
,, Zinciferous, 23. 
Matthewson slag tap. 171. 
Mazzarron, Flue-dust at, 227, 252. 
,, Smelting at, 227. 
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Mechanical roaBting furnaces, 107. 
Blake, 105. 

Brown- AUen-O'Hara, 96. 
Brown horae-shoe, 98, 203. 
Bruckner, 1C5, 204. 
Keller-Cole-Gaylard, 104. 
Pearce turret, 99, 204. 
Ropp straight line, 1 02, 204. 
Wethey, 104. 
Mechernich, Flaoh's process at, 319. 
,, Ores smelted at, 75, 125, 

221. 
, , Roasting at, 86, 97. 

Melting point of lead, 22. 

„ ,, lead slags, 110, 120. 

„ ,, sulphide, 27. 
,, „ litharge, 26, 335. 

Metallic iron in furnace products, 
19S, 206, 216. 
,, as a precipitating 

agent, 173. 
" Middlings," Treatment of, 262, &c. 
Mimetesite, 34. 

Mine La Motte, Blast 'furnace at, 146. 
,, ,, Matte produced at, 

205. 
,, ,, Ore smelted at, 125. 

,, ,, Roasting at, 90, 97. 

Minerals containing lead, 32. 
Moffet ore-hearth, construction, 66. 

,, working, 68. 

Monosilicate slags, 114. 
Montana .'Smelting Co., Flues at, 242. 
,, ,, Furnaces at, 147. 

Montzen, Smelting at, 57. 
Morgan crucible furnace, 322. 
Moulds for work-lead, 195. 
Miinster, 28. 



N 



Napier, 24. 

Neill, 134. 

Nesmith slag-pot trucks, 167. 

Newhouse, 78. 

Nickel and cobalt in cupel dross, 331. 

,, ,, desilverisation, 

275. 

,, ,, lead-matte, 205. 

Nolte, 2S. 



Oemichen, 20. 

Oker, Hasenclever furnace at, 107. 
,, Heap roasting at, 84. 



Omaha, Flue-dust filtration at, 247. 

,, Slag-handling at, 212. 
Ore charge, Requirements of the, 110. 
,, hearths, 62; see Hearths. 
,, sampling machinery, 2. 
Ores of lead, 32, 34. 
,, Sampling of, 1. 
Osnabriick, Slag-bricking at, 214. 
" Over-fire," 191. 
Overflow pot, 168. 
Oxides of lead, 26, 124. 
Oxidised lead-crust, 315. 
,, ores of lead, 341. 



Paint, see Pigments. 

Pan-slimes as bricking material, 25. 

Parkes process, .305-330. 

Amount of zinc required for, 307, 

308. 
Bye-products of, 329. 
Comparative data of, 3 1 3. 
Comparison of, with Pattinson 

process, 330. 
Cost of, 330. 
Examples of, 311-31.3. 
Fuel consumption in, 311. 
Influence of impurities on, 305. 
Losses in, 330. 
Plant employed in, .307. 
Process of zincing, 309. 
Time required for, 310. 
Treatment of zinc-crusts, see Uix- 

tillation and Zinc-criisl-i. 
Use of aluminium-zinc in, 314. 
Parnell process, 266. 
Parrot Works, 164. 
Parting of silver assay beads, 17. 
Pattinson process, 295-304. 
Bye-products of, 303. 
combination with Parkes process, 

299. 
Concentration of bismuth in, 296, 

299. 
Examples of, 299, .304. 
Hand-Pattinsonisation— 
Mode of working, 297, 298. 
Plant employed in, 296. 
Influence of impurities on, 295. 
Steam Pattinson isation — 
Advantages of, 303. 
Mode of working, 302. 
Plant employed in, 300. 301. 
Products obtained by, 303. 
Pearce, Rd., 77, 128, 198, 211. 
,, turret furnace, 99, 100. 
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Pennsylvania Smelting Works, 97. 
Percy, J„ 28, 31, 49, 50, 126, 130, 

247, 248. 
Philadelphia Smelting Works, 99, 

•243. 
Pigment from Bartlett process, 264, 
,, lead fume at Linares, 

250. 
,, Lewis and Bartlett 

process, 73. 
,, zinc sulphate, 265. 

Pilz furnace, 141, 220. 
Pipe ore-sampling machine, 2. 
Plattner, 30. 79, 294, 307. 
Port Adelaide Works, 228-232 ; see 

Block 14 Smeltmy Works. 
Port Pirie Smelting Works — 

Antimony skimmings treatment at, 

294. 
Bottle-retort furnaces, 324. 
Composition of lead at, 23. 
Cupel hearths at, 344. 
Cupellation process at, 346. 
Crust-retorting at, 326. 
Desilverisation at, 311-313. 
Gold-zincings at, 311. 
Hard-lead production at, 294. 
Liquation furnace at, 318. 
Pot-dross at, 311. 
Refining in kettles at, 295. 
,, skimmings at, 295. 
Eetort-dross at, .329. 
Retorting at, 326. 
Silver-refining at, 347. 
Silver-zincings at, 312. 
softening furnaces. Construction 
of, 282. 
, , , , Mode of working, 

287-288. 
,, ,, Bye-products of, 

292-293. 
Test rings at, ,344. 
Pot-dross fromPattinson process,303. 

„ at Port Pirie, 311. 

Pots, see also Kettles. 
,, for Parkes process. Dimensions 

of, 307. 
,, ,, Wear and tear of, 313. 

,, for Pattinson process, 296. 
Precipitation method of lead smelt- 
ing, 39, 108. 
Pressure-bricking of flue-dust, 252. 

of blast, 159, 190. 
Products of blast-furnace smelting, 
195-217. 
, , Flintshiref urnaoe. Ana- 

lyses of. 49. 
, , see also Bye-products. 



Przibram, Blast furnace at, 144. 

,, Composition of lead at, 23. 

,, ,, ores at, 75. 

,, Cupellation-losses at, 347. 

„ Roasting furnace at, 89, 97. 

,, Smelting at, 226. 

, , Stall-roasting at, 202. 

,, SteamPattinisationat,300. 
Puddle-cinder as flux. 111. 
Pueblo, Howard skimmer at, 310. 
,, Ores smelted at, 125. 
,, see also Philadelphia Smelt- 
ing Works. 
Punch samples of work -lead, 196. 
Purchase of ores, Basis for, 259. 
Pyrites in the lead blast furnace, 127. 
Pyromorphite, 34. 



Quartering down in sampling, 4. 
,, -shovel, Brunton's, 5. 



R 



Raht, 196. 

Raibl, Smelting at, 23, 56, 57. 
Rammelsberg, 30. 
Raschette Furnaces, 146. 
Reactions between lead sulphide, sul- 
phate, and oxide, 30. 
,, of the lead blast furnace, 

121-129. 
,, of the roasting process, 
74. 
Reduction of lead silicate, 32, 124. 

,, ,, sulphide, 29, 126. 

Reduction in the lead blast furnace — 
afi'ected by carbon, 121. 

,, carbonic oxide, 121. 
,, tuyere area, 122. 
Conditions favourable to, 122. 
of ferric oxide, 127. 
of lead sulphate, 126. 
Reed, 3. 

Reflnery plant, Description of, 307. 
Refining of lead in kettles at Lauten- 

thal, 278. 
Refining of lead in kettles at Port 

Pirie, 289. 
Refining of lead in reverberatories, 

288. 
Refining of silver — See Silver-Re- 
fining. 
Refining-kettles. 279, 289. 
„ -skimmings, 289, 295. 
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Removal of cracked jackets, 194. 
,, hearth accretions, 193. 

,, wall accretions, 1 92. 

Retort-bullion, 326, 

„ -dross, 326, 329, .337. 
Retorting zinc-crusts, see Distillation. 
Retorts for zinc - distillation, 322- 

320. 
Reverberatory lead smelting, 41, 
&c. — 
Comparative data of, 57. 
Bye-products of, 58. 
Examples of — 
at Coueron, 50. 
in Flintshire, 47. 
at Linares, 5 1 . 
at Tarnowitz, 52. 
Principles of, 41. 
Reverberatory refining, 288. 

,, roasting of mattes, 

201-204. 
,, roasting of ores, 74- 

108. 
Reverberatory roasting furnaces 
(hand-rabbling) — 
Construction, 86-94. 
Cost of, 94. 

Examples of work done — 
at Cockle Creek , 95. 
at Freiberg, 91. 
at Meohernich, 86. 
at Mine la Motte, 92. 
at Port Adelaide, 229. 
at Przibram, 89. 
Reverberatory roasting furnaces 
(mechanical rabbling), see Me- 
clianical roasting furnaces. 
Reverberatory softening — 
at Freiberg, 281. 
at Przibram, 281. 
of lead bullion, 282. 
Revolving bed furnaces, 104. 

,, cylinder furnaces, 105. 

Rhodes, R. D., 101, 170. 
Richmond (Nov.), Cooling flues at, 

240. 
Roast and reaction in the blast fur- 
nace, 109. 
,, ,, method of lead 

smelting, 39. 
,, ,, method of, sug- 

gested improve- 
ments, 59. 
,, reduction method, 74. 
,, ,, ,, in blastfur- 

naces, 108. 
Roasted matte, Smelting of, 204. 
Roasting of lead mattes, 201-204. 



Roasting of lead ores — 
in heaps, 79, 201. 

,, at Goslar, 80. 
,, at Sunny Corner, 81. 
in kilns at Freiberg, 83, 202. 
,, at Lautenthal, 202. 
,, at Mansfeld, 203. 
in stalls, 82, 202. 

in reverberatories at Freiberg, !I0. 
,, at Mine La Motte, 92. 
„ at Port Adelaide, 229. 
,, at Przibram, 89. 
„ Cost of, 97, 99. 
Agglomeration in — 
Reactions of, 74. 
Sinter and slag, 77. 
stage in Flintshire furnace, 48. 
Roberts-Austen, Sir W., 2(>. 74, 218. 
Rodna, Ores smelted at, 75. 
Ropp, A. V. J., 134. 
Ropp straight-line furnace. 102. 
at the Hanover Work, 103. 
at Selby, 103. 
Rosing, 276, 326. 

,, wires at Tarnowitz, 247. 
Rossie hearth, 65. 
Rbssler, 20, 279, 337. 
Rossler and Edelmann, 25, 315. 
Roswag, 307. 



Sampling machines, 2. 

„ of base bullion, 196. 
„ of ores, 1. 
Santiago de Chili, Slag tiles at, 214. 
St. Louis Smelting and Refining 
Works, Flue-dust condensation at, 
249. 
Schemnitz, Reduction of litharge at, 

349. 
Schertel, 110, 120, 121. 
Schnabel, C, 222, 223. 

,, zinc oxide process, 267. 

,, ,, for zinc crusts, 

321 322 
Schneider, A., 116, 118, \zh. 
Scorification, Assay charges for, 12. 
, , , , for gold and sil- 

ver ores, 11. 
Scotch hearth, construction, 62. 

,, working, 64. 

Selby Smelting Works, Roasting at, 

102. 
Separation of dross in cooling, 191. 

,, of slag and matte, 168-173. 

Sesquisilicate slags, 114. 



366 



INDEX. 



Settlers, 168, 173. 

Settling furnaces for slag, 170. 

,, pots for slag, 168. 
Sheet-iron cooling flues, 240. 
SheflSeld Smelting Co. fume conden- 
sation, 248. 
Shovel, Brunton's quartering, 5. 

Split, 5. 
Siemens and Halske process, 268. 
Silesian process of lead smelting, 43. 

at Tarnowitz, 52. 
Silicates of lead, 31, 124. 

,, ,, Reduction of, 32. 

Silver, Assay for, 11, 18. 

,, ,, losses in commercial, 19. 

,, contents of flue-dust, 237. 
, , , , of litharge, 332. 

„ crusts, 308, 310, 312, 313; see 

also Ziiic crusts. 
,, in kernel roasting, 79. 
,, in the lead blast furnace, 130. 
,, Loss of, in cupellation, 347. 
, , , , in desilverisation, 274. 

321, 336. 
,, ,, in dressing, 33. 

,, ,, in roasting, 78. 

, , , , in Schnabel's process, 

321. 
,, in slag roasting, 78. 
,, ,, in slags, 211. 

, , refining at Port Pirie, 346. 
,, „ in crucibles. Extraction 

of bismuth in, 338. 
,, ,, in crucibles, use of sil- 

ver sulphate, 337. 
,, ,, on the cupel hearth,345. 

,, sulphate for refiningsilver,337. 
Sintering hearth, 95. 
Sinter roasting at Freiberg, 90. 

,, Losses in, 78. 

Slag, Breaking up, for ballast, 212. 
,, brick, Manufacture of, 214. 
„ Bricking of, 213. 
,, escape, Davies, 160. 
,, eye furnace, 70. 
,, Final disposal of, 211. 
,, foundations for furnaces, 151. 
,, Granulation of, 212. 
,, hearths, 69. 
,, pots, 164, 167. 
,, pot vrheels, 165. 
,, roasting, see Slagging. 
,, spouts. Water-cooled, 163. 
,, taps, 171. 

,, tiles. Manufacture of, 214. 
,, types, Table of, 115. 
,, Utilisation of heat in, 213 ; see 
also Slags. 



Slagging at Mine la Motte, 90. 
,, Losses in, 78. 
I, Alumina in, 130. 
Analyses of, 210, 225. 
Composition of. 209. 
Constitution of , 113. 
Crystallisation of, 120. 
Density of, 110, 119. 
foul. Cleaning of, 21.1. 

„ Production of, 112, 236. 
from ore hearth, 64. 
grey. Composition of, 58, 73. 
Lime in, 130. 
Losses of metals in, 211. 
,, Magnesia in, 130. 
,, Magnetite in, 211. 
„ Melting point of. 110, 120. 
,, Physical properties of, 119. 
,, Requirements of a good, 110. 
,, Re-smelting of old rich, 215. 
,, Smelting at Freiberg, 221. 
,, Temperature of, 120. 
Slide rule for charge calculation, 186. 
Smelting, see Blast furnace smelting. 
,, charges, 255. 
, , furnaces, Data of American, 
233. 
Smith, H., 107. 
Solubility of lead sulphate, 29. 
"Sows," Composition of, 216. 

,, in blast furnaces, 139, 140. 
,, Removal of, 193. 
Spanish lead smelting, 51. 
Specific gravity of lead, 21. 
,, ,, of litharge, 26. 

,, of slags, 110, 119. 
, , heat of lead, 22. 
„ ,, ,, slags, 120. 
„ ,, of lime slags, 112. 

Speiss, Analyses of, 2il7. 
,, Composition of, 206. 
,, from non-sulphurous charges, 

235. 
,, from smelting roasted matte, 

205. 
,, Richness of, in gold, 207. 
,, Roasting of, 208. 
,, Treatment of, 207-209. 
Spenoe process for zinc-lead sul- 
phides, 268. 
Split-shovel for sampling, 5. 
Spring, 21. 

Stall roasting, 81, 201. 
Steam jeis in refining kettles, 277. 
II ,, ., zinc-crusts, 320. 

II ,1 softening furnaces, 

286. 
,, stirring in Parkes process, 309. 
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Steep, 143, 1-15, Ue. 

Steitz syphon for molten lead, 291. 

,, water- jacketed test, 342. 
Stetefeldt, C. A., 19. 
Stock -bins in smelting works, 188. 
Storer zinc-oxide process, 267. 
Sulphate of lead, 126. 
Sulphide of lead, 27, 126. 

,, „ Decomposition of, 28, 

126. 
). ,, in lead-dross, 191. 

, , , , Roasting of, 30. 

,, ,, Volatility of, 31. 

,, ores, Analysis of, 75. 
,, ,, Composition of, 35, 

261. 
,, ,, from Leadville, 37. 

,, ,, Silver contents of , 36. 

„ , , Treatment of, 260-272. 

,, problem, 262. 
Sulphuric acid for bricking flue-dust, 

251. 
Sump in roasting furnaces, 91. 
,, in smelting furnaces, 139, 
140. 
Sunny Corner, Ores smelted at, 76. 

,, Roasting at, 81. 

Syphon, Steitz, for molten lead, 291. 
„ tap, 139, 151. 
,, ,, Obstruction of, 191. 



Tapping breast, 155. 

„ jacket of cupel test ring, 

343. 
,, „ blast furnace, 155. 

,, ,, softening furnace, 

248. 
Tap-pit of smelting furnaces, 139. 

,, pot, 164. 
Tarnowitz, Bessemerisation at, 276. 
,, Casting lead at, 195. 

, , Rosing wires at, 246. 

„ Silesian furnace at, 62,57. 

Taylor and Brunton, 36. 
Tellurium in softening dross, 273. 

,, zinc-crusts, 314. 

Temperature of blast furnace slags, 
120. 
,, of furnace gases, 112, 

239. 
, , for stirring in zinc, 309. 

Terhune, R. H., 158, 164, 202. 
Test rings, 340, 342. 
„ supports, 339, 340, 341. 



Tests of cupelling-furnaces, 336. 
Thomae, 33. 

Tin, influencing Pattinson process, 
296. 
,, skimmings at Freiberg, 281, 
294. 
Tombstone, Bricking flue-dust at,251. 

,, Simelting at, 128, 23). 

Tommasi. electrolytic deposition of 

lead, 274. 
Treatment charges, '255. 

„ of flue-dust, •250-2,3. 

„ of mattes, 199-205. 

,, of speiss, 207-209. 

,, of zinc-lead sulphides, 

260-272. 
Tube-retort distillation fiu-naces,323. 
Turret furnace, see Pearce turret 

furnace. 
Tuyere area, 123, 137, 160, 234. 
boxes, 162. 
efficiency, 12 1, 234. 
noses, 191. 
ratio, 160. 
valves, 162. 
water, 141, 155, 161. 
Tuyeres, 160, 340. 

Typical lead-slags. Composition of, 
115. 
,, ,, formulae, 117-119. 



U 

Uneven descent of charges, 191. 



Valentine, 127. 
Viscosity of lead slags, 110. 
Vitriol, white. Manufacture of, 265. 
, , Green, for bricking flue-dust, 
251. 
Volatilisation — 

losses in cupellation, 347. 

,, in blast-furnace smelting, 

2.i0, 256, 257. 
,, in hearth smelting, 61, 65, 

67, 69 
,, in reverberatory smelting, 
41, 43, 45, 50, 51,56, 60. 
, , in roasting, 78. 
of lead in dry assay, 8. 
Volatility of lead sulphide, 31. 
Volumetric estimation of lead, 9. 
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W 

Wait, Composition of litharge, 332. 
Wall accretions, see Hangings. 
Water blocks, 141, 145. 
,, cooled ore hearth, 65. 
,, ,, slag spouts, 163. 

,, cooling of furnace gases, 240. 
„ ,, ,, Hagen's appliance 

for, 240. 
,, -jacketed tapping breast or 

litharge notch, 343. 
,, -jackets for blast furnaces, 

Origin of, 141. 
,, ,, Bosh of, 154 

,, „ Cast-iron, 155. 

,, ,, Cast-steel, 158. 

,, ,, cracked. Removal of, 

193. 
,, ,, for softening furnaces, 

281. 
,, ,, for test-rings, 342. 

,, ,, of wrought iron, 156. 

,, ,, Upper tier of, 155, 

163. 
Water-spray for flue-dust condensa- 
tion, 249. 
Water supply to jackets, 158. 
Water tuyeres, 141, 155, 161. 
Weight of blast-furnace charges, 

188. 
Well, Lead-, 139, 152. 
Welhaer stalls, 81. 
West process for complex ores, 

267. 
Wetherill magnetic separation, 272. 
Wethey furnace, 104. 
Whitehead, 18. 
Wiesengrund, 26. 
Wingham, 186. 
Working force at lead blast furnaces, 

191, 2-20, 223. 
Work -lead, 110, 195. 

,, Analyses of, 197. 

, , Desilverisation of, 273 ; 

see also BcLse hullion. 
,, Sampling of, 196. 



Wrought-iron pans for softening fur- 
naces, 281. 
„ water jackets, 156. 



Yield of metals 
smelting, 258. 



in blast-furnace 



Zalathna, 198. 

Zinc consumption in Parkes process, 
308. 
,, crusts at Port Pirie, 312. 
,, ,, Composition of, 313. 
,, „ Liquation of, 317, 318. 
,, „ Treatment of, 319-327. 
,, Deposition of, by electrolysis, 

2B8-271. 
„ grey, 269. 
,, hangings, 153. 
,, ,, Barring down of, 153. 

,, in the blast furnace, 131, 132. 
,, in lead ores, 36, 42. 

slags, 115, 116, 119, 131, 
231. 
Zinc-lead sulphides, Treatment of — 
by Bartlett's process, 263. 
by Burnham Syndicate process, 

264. 
by concentration, 260. 
by distillation, 262. 
by electrolytic processes, 268. 
by lixiviation, 265-268. 
by other dry methods, 271. 
Zinc middlings. Composition of, 262. 
, , oxide, Manufacture of, 266-267. 
,, paint, see Pigments. 
,, -silver alloy, 315. 

Treatment of, 328. 
,, slags. Limits of composition for, 

231. 
, , sulphide in lead slags, 209, 230. 
Zincing in desilverisation, 309. 
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■6 0HARLE8 ORIFFIN * OO.'S PUBLIOATWNS. 

THE DESIGN OF STRUCTURES: 

A Practical Treatise on the Building' of Bpldges, RooHb, tn. 

By S. ANGLIN, C.E., 

Muter of Engineering, Royal University of Ireland, late Whitworth Scholar, &C. 

With very numerous Diagrams, Examples, and Tables. 
Large Crown 8vo. Cloth. 

Second Edition, Revised. 16a. 



The leading features in Mr. Anglin's carefully-planned " Design of Stiiic- 
tutes " may be briefly summarised as follows : — 

1. It supplies the want, long felt among Students of Engineering and 
Architecture, of a concise Text-book on Structures, requiring on the part of 
the reader a knowledge of Elementary Mathematics only. 

2. The subject of Graphic Statics has only of recent years been generally 
applied in this country to determine the Stresses on Framed Structures ; and 
in too many cases this is done without a knowledge of the principles upon 
which the science is founded. In Mr. Anglin's work the system is explained 
from riRST principles, and the Student will find in it a valuable aid in 
determining the stresses on all irregularly-framed structures. 

3. A large number of Practical Examples, such as occur in the every-day 
experience of the Engineer, are given and carefully worked out, some being 
solved both analytically and graphically, as a guide to the Student. 

4. The chapters devoted to the practical side of the subject, the Strength of 
Joints, Punching, Drilling, Rivetting, and other processes connected with the 
manufacture of Bridges, Roofs, and Structural work generally, are the result 
of MANY years' EXPERIENCE in the bridge-yard ; and the information given 
on this branch of the subject will be found of great value to the practical 
bridge-builder. 



** Students of Engineering will find this Text-Book invaluable." — Architect. 

"The author has certainly succeeded in producing a thoroughly practical Text- 
Book." — Builder. 

"We can unhesitatingly recommend this work not only to the Student, as the best 
Tbxt-Book on the subject, but also to the professional engineer as an exceedingly 
VALUABLE book of reference."' — Mechanical World. 

"This work can be confidently recommended to engineers. The author has wisely 
chosen to use as little of the higher mathematics as possible, and has thus made his book of 
KBAL USE TO THE PRACTICAL ENGINEER. . . . After careful perusal, we have nothing but 
praise for the work." — Nature. 
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ENGINEERING AND MECHANICS. ij 

' In Large 8vo. Handsome Cloth, 10s. 6d. 

CHEMISTRY FOR ENGINEERS. 

BY 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.I.C, F.O.S., A.I.C.E., F.I.C., E.C.8., 

ODniuIUng ChemiBt to the Crown Agents for Oonaulting Chemtat, Head of th« CbemMry 

the Colonies. Department, Qoldsroiths' Inst., 

New Cross. 



GENERAL CONTENTS.— Introduction- Chemistry of the Chief Materials 
of Construction- Sources of Energy— Chemistry of Steam-ralslng— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used In the 
Winning and Manufacture of Metals. 

" The authors have succekdkd beyond all expectation, and have produced a work which 
should give fresh powicr to the Engineer and Manufacturer."— 2'Ae Times. 

"Practical throoqhodt ... an admirable text-book, useful not only to Students, 
but to EXQiNEBRS and Managers op wokkb in prbvbhtino waste and impbovino procesbeb. — 
Scotsma/n. 

"A book worthy to take HiOH rank . . . treatment of the subject of oAsEOOa tvm. 
particularly good. , , . Water oas and its production clearly worked out. . . Wa 
WARMLT recommknd the work. "— Joumat of Gob LiohtiTio. 



For Companion Volume by the same Authors, "Chemistkt 
FOR Manufacturers," see p. 71. 



Works by WALTER R. BROWNE, M.A., M.Inst.C.E., 

Late Fellow of Trinity College, Cambridge. 

THE STUDENT'S MECHANICS: 

An Introduetion to the Study of Force and Motion. 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 
" Clear in style and practical in method, "The Student's Mbchahics' is cordially t* be 
commended from all points of view." — Athentxum. 



FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer. In Crown 8vo, is. 



Demy 8vo, with Numerous Illustrations, gs. 

FUEL AND WATER : 

A Manual for Users of Steam and "Water. 
By Prof. FRANZ SCHWACKHOFER of Vienna, and 

WALTER R. BROWNE, M,A„ C.E. 

General Contents.— Heat and Combustion— Fuel, Varieties of— Firing Arrang*- 

menls: Furnace, Flues, Chimney— The Boiler, Choice of — Vaneoes- Feed-w«er 

Heaters— Steam Pipes— Water : Composition, Punfication— Prevention of bcale, &c, &C. 

"The Section on Heat is one of the best and most lucid ever written."— .£««<»»«■. 

" Cannot fail to be valuable to thousands using steam power. —Railway Engmttr. 
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OHJ.RLSS ORJFFIN A OO.'S PUBLIOATJOlfB. 



SEWAGE DISPOSAL WORKS; 

A Guide to the Construetion of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 



W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Late Assistant-Engineer, London County CounciL 



With Tables, Illustrations in the Text, and 37 Lithographic Plates. 
Svo. Handsome Cloth. 

Second Edition, Revised and Enlarged. 30s. 



Medium 



PART I.— Introductory. 



latroduction. 

Details of River Pollutions and Recommenda- 
tions of Various Commissions- 

Hoiuiy and Daily Flow of Sewage. 

The Pail System as Affecting Sewage. 

The Separation of Rain-water from tKe Sewage 
Proper. 



( Settling Tanks. 
Chemical Processes. 
The Disposal of Sewage-sludge, 
The Preparation of Land lor Sewage Dis- 
posal. 
Table of Sewage Farm Management. 



PART II. — Sewage Disposal Works in Operation- 
Construction, Maintenance, and Cost. 



-Their 



lUnstrated by Plates showing the General Plan and Arrangement adopted 
in each District 



and 



Map of the LONDON Sewage System. 

Crossness Outfall. 

Barking Outfall. ^ 

Doncaster Irrigation Farm. 

Beddington Irrigation Farm, Borough of 
Croydon. 

Bedford Sewage Farm Irrigation. 

Dewsbury and Hitchin Intermittent Fil- 
tration. 

Merton^ Croydon Rural Sanitary Authority. 

Swanwick, Derbyshire. 

Tlie Ealing Sewage Works. 

■Chiswick. 

Kingston-on-Thames, A. B. C. Process. 

Salford ScA^rage Works. 

•«• From the fact of the Author's having, for some years, had charge of the Main 
Z^rainage Works of the Northern Section of the Metropolis, the chapter on London will be 
'found to coDtain many important details which would not otherwise have been available. 

" All persons interested in Sanitary Science owe a debt of gratitude to Mr, Crimp. . . , 
His work will be especially useful to Samitary Authorities and their advisers . . . 

EMINENTLY PRACTICAL AND USEFUL . . . giveS plaUS and descriptions of MANY OP THE 

MOST IMPORTANT SEWAGE WORKS of England . With vcry valuable information as to 

8ha COST of construction and working of each. . . . The carefully-prepared drawings per- 
wit of an easy comparison between the different systems-" — Lancet 

" Probably the most complete and best treatise on the subject which, has appeared 
in oar language . . Will prove of the greatest use to all who have the probLm e( 

Se««ge Disposal to &ce."' — Edinburgh Medical J ournaL 



Bradford, Precipitation. 

New Maiden, Chemical Treatment 

Small Filters. 
Friem Basnet. 

Acton, Ferozone and Polarite Process. 
Ilford, Chadwell, and Dagenham Works. 
Coventry. 
Wimbledon. 
Birmingham. 
Margate. 
Portsmouth. 

BERLIN Sewage Farms. 
Sewage Precipitation Works, Dortmund 

(Germany). 
Treatment of Sewage by Electrolysis. 
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Works by BRYAN DONKIN, M.Inst.C.E., M.Inst.Meeh.E., &e. 



GAS, OIL, AND AIR ENGINES: 

A Practical Text - Book on Internal Combustion Motors 
without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Second Edition, Revised throughout and Enlarged. With numerous 
additional Illustrations. Large 8vo, Handsome Cloth. 25s. 

General Contents.— Gas Engines:— General Description— History and Develop- 
ment — British, French, and German Gas Engines — Gas Production for Motive Power — 
Theory of the Gas Engine — Chemical Composition of Gas in Gas Engines— Utilisation of 
Heat — Explosion and Combustion. Oil Motors : — History and Development — Various 
Types— Priestman's and other Oil Engines. Hot-AiP Engines ;— History and Develop- 
ment — Various Types : Stirling's, Ericsson's, &c,, &c. 

"The BHST BOOK NOW PUBLISHED on Gas, Oil, and Air Engines. . . . Will be of 
'VERY GREAT INTEREST to the numerous practical engineers who have to make themselves 
familiar with the motor of the day, . . . Mr. Donkin has the advantage of long 
PRACTICAL experience, Combined with high scientific and experimental knowledge, 
and an accurate perception of the requirements of Engineers." — The Engineer^ 

"We HEARTILY RECOMMEND Mr. Donkin's work. ... A monument of careful 
labour. . . . Luminous and comprehensive." — journal of Gas Lighting. 
*' A thoroughly reliable and exhaustive '^x&^\\.%^'' —Engineering. 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

STEAM BOILERS: LAND AND MARINE 

(The Heat Efficiency of). 

With many Tests and Experiments on different Types of 

Boilers, as to the Heating Value of Fuels, &e., with 

Analyses of Gases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents. — Classification of different Types of Boilers — 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies 
shown in Fifty Tables — Fire Grates of Various Types — Mechanical Stokers — 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
and their Temperature — Feed Water Heaters, Superheaters, Feed Pumps, 
&c. — Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With Plates illustrating Progress made during the present Century, 
and the best Modern Practice, 

'*A WORK OF KEF^EENCE AT PRESENT UNIQUE. Will give an answer to almost any 
question connected with the perforraanje of boilers that it is possible to ask."— ^»ffin«<r. 

"Probably the most exhaustive resume that has ev^r been collected. A practical 
BOOK by a thoroughly practical man." — Iron and Coal Trades Review. 
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|0 OHARLJaa ORIFFIN A OO.'S PUBLICATIONS. 

Second Edition, Raiised. Royal Svo. With numerous Illustrations and 
13 Lithographie Plata. Handsome Cloth. Price 30^, 

BRIDGE-CONSTRUCTION 

(A PRACTICAL TREATISE ON): 

Being a Text-Book on the Construction of Bridges in 
Iron and SteeL 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M.Inst. C.K, 

Prof, of Engineering, University College, Dundee. 



GENERAL CONTENTS. 



Part I. — Elementary Statics: — Definitions — The Opposition and 
Balance of Forces — Bending Strain — The Graphic Representation of Bending 
Moments. 

Part II. — General Principles of Bridge-Construction : — The 
Comparative Anatomy of Bridges — Combined or Composite Bridges — 
Theoretical Weight of Bridges— On Deflection, or the Curve of a Bended 
Girder — Continuous Girders. 

Part III. — The Strength of Materials :— Theoretical Strength of 
Columns — Design and Construction of Struts — Strength and Constniction of 
Ties — Working Strength of Iron and Steel, and the Working Stress in 
Bridges — Wohler's Experiments. 

Part IV. — The Design of Bridges in Detail : — The Load oi» 
Bridges — Calculation of Stresses due to the Movable Load — Parallel Girders — 
Direct Calculation of the Weight of Metal — Parabolic Girders, Polygonal 
Trusses, and Curved Girders — Suspension Bridges and Arches : Flexible 
Construction — Rigid Constniction — JBowstring Girders used as Arches or as 
Suspension Bridges — Rigid Arched Ribs or Suspension Ribs — Continuous 
Girders and Cantilever Bridges — The Niagara Bridge — The Forth Bridge — 
Wind-Pressure and Wind- Bracing : Modern Experiments. 

"Mr. FiDLEK's SUCCESS arises from the combination of expsmenob and 
BiMPLiciTT or TKBATMBNT displayed on every page. . . . Theory is kept in 
subordination to Practice, and his book is, therefore, as useful to girder-makera 
»g to students of Bridge Construction." — The Architect. 

" Of late years the American treatises on Practical and Applied Mechanica 
have taken the lead . . . since the opening up of a vast continent haa 
given the American engineer a number of new bridge -problems to solve 
. . . but we look to the pkksent Treatise on Bbidgb-Construotion, and 
the Forth Bridge, to bring us to the front again." — Engineer. 

'• One of the very best recent works on the Strength of Materials and its 
application to Bridge-Construction. . . Well repays a careful Study." — 
Engineering. 

"An INDISPENSABLE HANDBOOK for the practical Engineer." — Naiure, 
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Fourth Edition. Folio, strongly half-bound, 21/. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute 
of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales and 
Victoria. 

*^^* Published with the Concurrence of the Surveyors- General for New Sou//} 
Wales and Victoria. 

"Those who have experience in exact Survhy-work will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this by rbpbrencb to but Omb Tablb. in place ol the usual Fifteen 
minute computations required. This .alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of such 
assistance few knowing of their publication will remain without them." 

— Engineer ~ 



In Large 8vo, With Numerous Illustrations, Price 7s. 6d. 

VALVES AND VALVE-GEARING: 

INCLUDING THE CORLISS VALVE AND 
TRIP GEARS. 

BY 

CHARLES HURST, Practical Draughtsman. 

*' Concise explauations illustrated by 115 vbiit clear diagrams and drawings and 4 folding- 
plates . . . the book fulfils a valuable function."— ^(ft-e7ME«m. 

"Mr. IIubst'b valves and valve-gearikg will prove a very vahiable aid, and tend to the 
production of Engines of scientific dbsig^v and econo.mical wobkisg. . Will be largely 

sought after by Students and !Desip:ners."— Marine Engineer. 

" TJsEPUL and THOROUGHLT PRACTICAL. "Will undoubtedly be found of great value to 
all concerned with the design of Valve-gearing."— J/ec/iamca/ World. 

"Almost EVERY TYPE of VALVE and its gearing is clearly set forth, and illustrated in 
Buch a way as to be readily understood and practically applied by either the Engineer, 
DraughtBtnan. or Student. . . . Should prove both useful and valuable to all Engineers 
seeking for reliablk and clear information on the subject. Its moderate price brings ii 
within the reach of a^W."" —industries ami Iron. 

" Mr. Hurst's work ia admirably suited to the needs of the practical mechanic. . . . 
It is free from any el-tboi'ate theoretical discussions, and the explanations of the variona 
types of valve-gear are iiccompanied by diagrams which render them easily uhdebstood," 
— The Scientific American. 
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WORKS BY 

ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., F.R.S.E., 

Formerly Professor of Electrical Engineering:, The Glasgow and West 0f Scothmd 
Technical College. 



PROFESSOR JAMIESON'S ADVANCED MANUALS. 

In Large Crown %vo. Fully Illustrated. 

1. STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students preparing for Competitive Examinationj. 
With over 200 Illustrations, Folding Plates, and Examination Papen. 
Twelfth Edition. Revised and J!.nlarged, 8/6. 

"Professor Jamieson fascinates the reader by his clearness of conception Am 
ajMPLlciTY of expression. His treatment recalls the lecturing of Faraday." — AthentEum. 

" The Best Book yet published for the use of Students."— .£«^j»«r. 

" Undoubtedly the MOST valuable and most complete Hand-book on the nilgect 
4lut now exists." — Marine Engineer. 

2. MAGNETISM AND ELECTRICITY (An Advanced Text- 
Book on). Specially arranged for Advanced and " Honours " Students. 
By Prof. Jamieson, assisted by David Robertson, Jr., B.Sc. 

3. APPLIED MECHANICS (An Advanced Text-Book on). 

Vol. I. — Comprising Part I. : The Principle of Work and its applica- 
tions; Part II.; Gearing. Price 7s. 6d. Third Edition. 

'* Fully maintains the reputation of the Author — more we cannot say.*' — Praci. 
Engineer. 

Vol. II. — Comprising Parts III. to VI. : Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Second Edition. 8s. 6d. 

"Well and lucidly written." — The Engineer. 



PROFESSOR JAMIESON'S INTRODUCTORY MANUALS. 

With numerous Illlustrations and Examination Papers. 

1. STEAM AND THE STEAM-ENGINE (Elementary Text- 
Book on). For First-Year Students. Sixth Edition. 3/6. 

*' Quite the right sort of book." — Engineer. 

"Should be in the hands of every engineering apprentice." — Practical Engine tr. 

2. MAGNETISM AND ELECTRICITY (Elementary Text- 
Book on). For First-Year Students. Fourth Edition. 3/6. 

" A CAPITAL TEXT-BOOK . . . The diagrams are an important feature." — Sckooltnasttr. 

"A THOROUGHLY TRUSTWORTHY Text-book. . Arrangement as good as well 

can be. . . . Diagrams are also excellent. . . . The subject throughout treated as aa 
-essentially practical one, and very clear instructions given." — Nature. 

3. APPLIED MECHANICS (Elementary Text-Book on). 

Specially arranged for First-Year Students. Third Edition, Revised 
and Enlarged. 3/6. 

"Nothing is taken for granted. . . . The work has very high qitalitibs, wluch 
imay be condensed into the one word 'clear.'" — Science ajtd Art. 



. POCKET-BOOK of ELECTRICAL RULES and TABLES. 

FOR THE USB OF ELECTRICIANS AND ENGINEERS. 
Pocket Size. Leather, 8s. 6d. Thirteenth Edition, Seep. 43. 
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Third Editiok. VtryfuUy lUuttrattd. Cloth, 4i. 6<i. 

STEAM - BOILERSj 

their defbcts, manaaeholnt, anx> constbuction. 
By R D. MUNRO, 

Chwf Engineer of the Scottish Boiler Insurance and Engine Inspection Compmiy. 

General Contents. — I. Explosions caused (i) by Overheating of 
Plates — {2) By Defective and Overloaded Safety Valves — (3) By Corrosion, 
Internal or External— (4) By Defective Design and Constiuction (Unsup- 
ported Flue Tubes ; Unstrengthened Manholes ; Defective Staying ; Strength 
of Rivetted Joints; Factor of Safety) — II. Construction of Vertical 
Boilers : Shells — Crown Plates and Uptake Tubes — Man-Holes, Mud- 
Holes, and Fire-Holes — Fireboxes — Mountings — Management — Cleaning — 
Table of Bursting Pressures of Steel Boilers — Table of Rivetted Joints — 
Specifications and Drawings of Lancashire Boiler for Working Pressures (a) 
80 lbs. ; {b) 200 lbs. per square inch respectively. 

This work contains information of the first importance to every user of 
Steam-power. It is a practical work written for practical men, the 
language and rules being throughout of the simplest natiire. 

" A Tuluable companion for workmen and engineers engaged about Steam 
Boilers, ought to be carefully studied, and always at hand."— CoU. Ouardiam. 

" The book is VERy useful, especially to steam users, artisans, and 
young engineers." — Engineer. 



By the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagrams and Coloured Plate, 
Price 3s. 



NYSTROM'S POCKET-BOOK OF MECHANICS 

AND ENGINEERING. Revised and Corrected by W. Dennis Marks, 
Ph.B., C.E. (YALE S.S.S.), Whitney Professor of Dynamical Engineering, 
University of Pennsylvania. Pocket Size. Leather, iSs. TWBNTY- 
FIRST Edition, Revised and greatly enlarged. 
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Large 8vo., Handsome Cloth. With numerous Plates reduced from 
Working Drawings and 280 lUustratioDS in the Text. 21s. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praetieal Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Railway 

Engineers, and Students. 

BT 

WILLIAM FRANK PETTIGREW, M.Inst.C.E. 

With a Section on American and Continental Engines, 

By albert F. RAVENSHEAR, B.Sc, 

Of Her Majesty's Patent Office. 

Contents. — UiBtorica.] Introduction, 1763-1863.— Modern Locomotives: Simple. — 
Modern LocomotiveB: Compound. Primary Consideration in Locomotive Design. — 
Cylinders, Steam Chests, and Stufflns Boxes.— Pistons, Piston RodB, Ciossheads, and 
yiide Bj-is.— Connecting and Coupling Rods.- Wli eels and Axlea, Axle Boxes, Hornblocks, 
and Bearing SpringB.—Balanciu?.— Valve Gear.— Slide Valves and Valve Gear Details. — 
Framing, Bogies and Axle Trucks, Kadial Axle Boxes.— Boilers.-Sniolvebox. Blast Pipe, 
Firebox Fittings.— Boiler Mountings.- Tenders.- Railway Brakes.— Lubrication.— Con- ^ 
sumption of Fuel. Evaporation and Engine Efficiency. — American Locomotives — Con- 
tinental Locomotives. — Repairs, Running, Inspection, and Renewals. — Three Appendicea, 
— Index. 

" We recommend the book as TnoRon^HLT pkactical in its character, and mekitiko a 
PLACE IN ANY COLLECTION Of . . . works un Locomotivo Engineering."— ffai/ujai/ News. 

*-The work CONTAINS ALL THAT CAN BE LiijVRNT from a book upon such a subject. It 
will at once rank as tiik standard woek upon this important subject."— TiaiVwat/ Magazine. 



Large Crown 8vo. With numerous Illustrations. 6s. 

ENGINE-ROOM PRACTICE : 

A Handbook for Engineers and Offleers in the Royal Navy 

and Mercantile Marine, Including the Management 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, 

Engineer, R.N., A.M.I. C.E., Instructor in Applied Mechanics at the Royal Naval 
College, Greenwich. 

Contents.— GeneraA Description of Marine Machinery. — The Conditions of Service and 
Duties of Engineers of the Roynl Navy, — Entry and Conditions of Service of Engineers of 
the Leading ti.S. Companies. — Raising Steam— Duties of a Steaming Watch on Engines 
and Boilers. — Shutting off Steam. —Harbour Duties and Watches.— Adjustments and 
Repairs of Engines. — Preservation and liepairs of "Tank" Boilers.— The Hull and its 
Fittings,- Cleaning and Painting Machinery — Reciprocating Pumps, Feed Heaters, and 
Automatic Feed -Water Regulators. — Evaporators. — Steam Boats. — Electric Light 
Machinery. — Hydraulic Machinery.— Air-Compressing Pumps —Refrigerating Machines, 
— Machinery of Destroyers. — The Management of Water- Tube Boilers.— Regulations for 
Entry of Assistant Engineers, R.N.— Questions given in Examinations for Promotion of 
Engineers, R.N.— Regulations respecting Board of Trade Examinations for Engineers, &c.- 

" The contents cannot fail to be appreciated."— f/ie Steamship. 

"This VKRTUSKPUL BOOK. . . . ILLUSTRATIONS are Ol GREAT IMPORTANCE in a WOPk 

of this kind, and it is satisfactory to find that special attention has been given in this 
TeaT[ie(ir"-~' Engineers' Gazette. 
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WORKS BY 

W. J. MACQUORN RANKINE, LL.D., F.R.S., 

Latt Regius Professor of Ciuil Engineering in the Uniuerslty of Qiasgow. 

THOROUGHLY REVISED BY 

"W. J. MILLAE, C.E., 

Late Secretary to the Institute of Engineers and Shipbuilders In Scotland. 



I. A MANUAL OF APPLIED MECHANICS : 

Comprising the Principles of Statics and Cinematics, and Theory of 
Structures, Mechanism, and Machines. With Numerous Diagram!. 
Crown 8vo, cloth, 12s. 6d. Fifteenth Edition. 



II. A MANUAL OF CIVIL ENGINEERING : 

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Koads, Railways, Canals, Rivers, Waterworki, 
Harbours, &;c. With Numer.ous Tables and Illustrations. Crown 8vo, 
cloth, 16s. Twentieth Edition. 



III. A MANUAL OF MACHINERY AND MILLWORK : 

Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. Illustrated with nearly 300 Woodcut*. 
Crown 8vo, cloth, 12s. 6d. Seventh Edition. 



IV. A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS : 

With a Section on Gas, Oil, and Air Engines. By Bryan Donkin, 
M.Inst.C.E. With Folding Plates and Numerous IllustrationB. 
Crown 8vo, cloth, 12s. 6d. Fourteenth Edition. 
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3« OBARLE8 QRirFIlf * OO.'B PUBLIOATIONS. 

Vaor. Rankink's Works — (Ctntinutd). 

V. USEFUL RULES AND TABLES : 

For Architects, Builders, Engineers, Founders, Mechanics, Shipbuildert, 
Surveyors, &c. With Appendix for the use of Electrical Enginebbs. 
By Professor Jamieson, F.ll.S.E. Seventh Edition. 10s. 6d. 



VL A MECHANICAL TEXT-BOOK : 

A Practical and Simple Introduction to the Study of Mechanics. By 
Professor Rankine and E. F. Bameeb, C.E. With Numerous Illng- 
trations. Crown 8vo, cloth, 9s. Fourth Edition. 

•** The " Mbchanical Text-Book" v>as daigned by Profeisor Baiteinx at an Litbo- 
PUCTION to the above Series of Manuals. 



Vn. MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 31s. 6d. 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave-Forms, Propulsion of "Vessels, &c. 

With Memoir by Professor Tait, M.A. Edited by W. J. Millar, C.K 
With fine Portrait on Steel, Plates, and Diagrams. 

*' No more enduring Memorial of Professor Rankine could be devised than the publicly 
tion of these papers in an accessible form. . . . The Collection is most valuable on 
account of the nature of his discoveries, and the beauty and completeness of his analysis. 
. . . The Volume exceeds in importance any work in the same department published 
in our time." — Architect. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineers and 
Artiams. With Copious Tables and Valuable Recipes for Practical Use. 
Illustrated. Second EdUiin. Crown 8to. Cloth, 7/6. 
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SHCOJVD HDITIOJV, Bevised and Enlarged. 
In Large 8vo, Handsome cloth, 348. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BY 

HENRY ROBINSON, M. Inst. C.E., F.G.S., 

FELLOW OF king's COLLBGE, LONDON ; PROF, OF CIVIL BNGINBBItlNG, 

king's collsge, etc., etc. 

TRUltb numerous TOnooOcuts, an5 SfstBstiine platee. 



General Contents, 

Discharge through Orifices— Gauging Water by Weirs — Flow of Wates 
through Pipes — The Accumulator— The Flow of Solids— Hydraulic Presses- 
and Lifts — Cyclone Hydraulic Baling Press — Anderton Hydraulic Lift — 
Hydraulic Hoists (Lifts) — The Otis Elevator — Mersey Railway Lilts — City 
and South London Railway Lifts — North Hudson County Railway Elevator — 
Lifts for Subways — Hydraulic Ram — Pearsall's Hydraulic Engine — Pumping- 
Engines — Three- Cylinder Engines — Brotherhood Engine — Rigg's Hydraulic 
Engine — Hydraulic Capstans — Hydraulic Traversers — Movable Jigger Hoist — 
Hydraulic Waggon Drop — Hydraulic Jack — Duckham's Weighing Machine— 
Shop Tools — Tweddell's Hydraulic Rivetter — Hydraulic Joggling Press — 
Tweddell's Punching and Shearing Machine — Flanging Machine — Hydraulic 
Centre Crane — Wrightson's Balance Crane — Hydraulic Power at the Fortlj 
Bridge — Cranes — Plydraulic Coal-Discharging Machines — Hydraulic Drill — 
Hydraulic Manhole Cutter— Hydraulic Drill at St. Gothard Tunnel — Motors 
with Variable Power — Hydraulic Machinerj' on Board Ship — Hydraulic Points 
and Crossings — Hydraulic Pile Driver — Hydraulic Pile Screwing Apparatus — 
Hydraulic Excavator — Ball's Pump Dredger — Hydraulic Power applied to 
Bridges — Dock -gate Machinery — Hydraulic Brake — Hydraulic Power applied 
to Gunnery— Centrifugal Pumps — Water Wheels — Turbines — Jet Propulsion — 
The Gerard-Barr6 Hydraulic Railway — Greathead's Injector Hydrant — Snell's 
Hydraulic Transport System — Greathead's Shield — Grain Elevator at P'rank- 
fort — Packing — Power Co-operation — Hull Hydraulic Power Company — 
London Hydraulic Power Company — Birmingham Hydraulic Power System 
— Niagara Falls — Cost of Hydraulic Power — Meters — Schtinheyder's Pressure 
Regulator — Deacon's Waste- Water Meter. 

*' A Book of great Professional Usefulness.'' — Iron, 

•^* The Second Edition of the aboTe important work has been thoroughly reTiBcd and 
1>ronght up to date. Many new full-page Plates have been added — the number beisfi 
increased from 43 in the First Edition to 69 in the present. 
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Royal Svo, Handaome Cloth, 2Sa. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

CM1<»IT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH OF 

AUSTRIA ; MEDJIDIE OF TURKEY ; AND RISING SUN OF JAPAN ; VICK- 

PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS. 

JVi/A numerous Illusirations and Tables, 

This work has been written for the purpose of placing in the hands of Naval Constnictora, 
Shipbuilders, Officers of the Royal and Mercantile Marines^ and all Students of Naval Science, 
a complete Treatise upon the Stability of Ships, and is the only work in tiie English 
Language dealing exhaustively with the subject. 

In order to render the work complete for the purposes of the Shipbuilder, whether at 
^me or abroad, the Methods of Calculation introduced by Mr. F. K. Barnes, Mr. Gray, 
M. Rkech, M. Davmard, and Mr. Benjamin, are all given separately, illustrated by 
Tables and worked-out examples. The book contains more than 200 Diagrams, and u 
illustrated by a large number of actual cases, derived from ships of all descriptions, but 
ccpecially from ships of the Mercantile Marine. 

The work will thus be found to constitute the most comprehensive and exhaustive Treatise 
fiitherto presented to the Profession on the Science of the Stability of Ships. 



" Sir Edward Reed's * Stability of Ships ' is invaluable. In it the Student, new 
to the subject, will find the path prepared for him, and all difficulties explained wirii the 
utmost care and accuracy ; the Ship-draughtsman will find all the methods of calculation at 
present in use fully explained and illustrated, and accompanied by the Tables and Forms 
employed ; the Shipowner will find the variations in the Stability of Ships due to differences 
in forms and dimensions fully discussed, and the devices by which the state of his ships under 
all conditions may be graphically represented and easily understood ; the Naval Architect 
will find brought together and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
<^gsibly not be able to obtain at all elsewhere." — Bteamship. 

"This important and valuable work . . cannot be too highly recommended to 

all connected with shipping interests-" — Iron. 

" This VERV important treatise, . . the most intelligible, instructive, and 
■OOMPLETK that has ever appeared." — Nature. 

"The volume is an essential one for the shipbuilding profession." — WfsirHinster 
Review. 



companion-w^ork. 



THE DESIGN AND CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architecture in the University of Glasgow. 
In Preparation^ 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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Fourteenth Bdltlon, Revised. Pplee 21s. 

Demy 8vo, Cloth. With Nvmeroia Illustrations, reduced from 

Working Drawings. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A. E. SEAT ON, M.Inst.C.E., M. Inst. Meeh. E., 
M.Inst.N.A. 



GENKRAL CONTENTS. 



Part 1.— Principles of Marine 
Propulsion. 

Part II.— Principles of Steam 
Engineering. 

Part III.— Details of Marine 
Engines: Design and Cal- 



culations for Cylinders, 
Pistons, Valves, Expansion 
Valves, &e. 

Part IV.— Propellers. 

Part v.— Boilers. 

Part VI.— Miscellaneous. 



This Edition includes a Chapter on Water -Tube Boilers, with Illustra- 
tions of the leading Types and the Revised Knles of the Bureau Veritas. 



"JntKe^ree-fold capacity o?~SHablinK a Student to learn how to design, construct, 
aittt -work a Marine Steam-Engine. Mr. Seaton's Manual has NO bital."— IY)ii«. 
("The important subject of Marine Engineering is here treated with the THOBODOH- 
NBS9 that It reauires. No department has escaped attention. . . . (Jives the 
results of mucn close study and practical work."— £iioi»Mnnfl- 

"By far the BEST Manual in existence. . . . Gives a complete account of the 
methods of solving, with the utmost possible economy, the problems before the Marine 
Engineer."— ^<A««ceMm. „ _ , , . ■ .l 

"The Student, Draughtsman, and Engiwwr will find this work the MOST valuablb 
Handbook of Reference on the Marine Engine now in existence."- JforiM Engiitevr. 



Fifth Edition, Thoroughly Revised. With two New Diagrams and 

Numerous Additions. Pocket-Size, Leather. 8s. 6d. 

A POCKET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

¥0R THE USE OF 

Marine Engineers, Naval Architects, Designers, Draughtsmen, 
Superintendents and Others. 



BY 



A. E. SEATON, M.I.O.E., M.I.Mech.E., M.I.N.A., 



AND 



H. M. ROUNTHWAITE, M.LMech.E., M.I.N.A. 

"Admirably fulfils its purpose."- il/<ir»« Enginttr. 



LOUDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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WORKS BY PROF. ROBERT H. SMITH, AssocM.I.C.E., 

M.LM.E., M.I.E1.E., M.I.Min.E., Whit. Soh., M.OriMeijL 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Technical Problems. 

WITH EXTENSIVE 

CIiASSII'IED REFEREIirCK LIST OP INTEGRALS. 
By PROF. EGBERT H. SMITH. 

ASSISTED BY 

R. ¥. MTJIRHEAD, M.A., B.Sc, 

Formerly Olark Fellow of Glasgow University, and Lecturer on Mathematics at 
Mason College. 

In Crown 8vo, exira, with Diagrams and Folding- Plate. 8s. 6d. 
" Pkop. E. H. Smith's book will be serviceable in rendering a hard road as east as peactio 
ABLB for the non-mathematical Student and Eneineer."— -4(7tcjnEwm. 

" Intereetingdjagrams, with practical illustrations of actual occurrence, are to be found here 
In abundance. Tbb viky complete clabbified rbperrncb table will prove very useful m 
saving the time of those who want an integral in a hurry."— r7te Engineer. 



MEASUREMENT CONVERSION^ 

(English ^pA— *^ricTi) : 

28 GRAPHIC Tables or diagrams. 

Showing at a glance the Mdtual Conveksion of Measckements 

in DrFFEBBMT UNITS 

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quaatitles 

of Work, Horse Powers, Temperatures, &C. 

For the use of Engineers, Saruei/ors, Architects, and Contractors. 

In 4to, Boards. 7s. 6d. 



*^* Prof. Smith's Cohveksion-Tables form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer's Office will be 
considered complete without them. 

•' The work is intaloablb." — OoUitry Guardian. 

" Ought to be in ETBaT office where even occasional conversions are required. . , . Prof. 
Smith's Tables form very excellkht checks on reauita." — Electrical Beview. 

" Prof. Smith deserves the hearty thanliB, not only of the Ekgihebe, but of the Coumbbcial 
World, for having smoothed the way for the adoption of the Metric Btbtem of Measuebmekt. 
a subject which is now aasuming great importance a.s a factor in maintaining our hold upon 
eoebiqn trade." — Tli* Machinery Market. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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In Large 8wo. Handsome Cloth. With Plates and lUustratiom. 16s. 

AT HOME AND ABROAD. 

By WILLIAM HENRY COLE, M.Inst.C.E., 

LatoDeputy-ManaRer, North-Western Railway, Inaia. 

ConiOT^s.— Discussion of the Term "Light Railways."— English Railways, 
Kates, and Farmers. — Light Railways in Belgium, France, Italy, other 
Jiuropean Oouutnes, America and the Colonies, India, Ireland.— Road Trans- 
port as an alternative.— The Light Railways Act, 1890.— The Question of 
wauge.— Construction and Working.— Locomotives and RoUing-Stock.— Light 
Kail ways in England, Scotland, and Wales.— Appendices and Index. 

„ ''^''- ^-H.Oole has bronght together . . . a iaece amocnt of vaiuablk iktokma- 
.1 rj, ■ ' nltnerto practically inaccessible to the ordinary reader "—Times 
. iiEBE COULD Bit Ko BETTsE BOOK Of first reference on its subject. All elasssi of 

Jlngineers will welcome its appearance.'— Scotsman. 



Thihd Edition, Revistd and Enlarged. Pocket-Site, Leather, 12j. id.; also Larger Si2e for 
Office Use, Cloth, Us. 6d. 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 

A Handbook op Rules, FoRMULyB, Tables, &c., bblative to MatkriaIi, 

SoANTLiNos, and Pbessuiies, Sapett Valves, Spbinos, 

Fittings and Mountings, 4;o. 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILE?.- MAKERS,. 
AND STEAM USERS. 

By T. W. TRAILL, M.Inst.C.E., E. E. R. N., 

Late Engineer SuTYoyor-in-Chief to the Board of Trade. 



*J^ To THE Second and Third Editions many New Tables for PEESSUitE& 
up to 200 Les, per Square Inch have been added. 



" Thh most valdablb work on Boilers published in England."— 5/wjjptftff World. 
'* Contains an Enormous Qdantitt op Information arranged in a very conTcniont form. . 
A HOST UBBrTTL ToLDUB . . . supplying information to be had nowhere else."— 2^ Engvneer. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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In Crown 8vo, extra, with Numerous Illustrations. [Shortly. 

GAS AND OIL ENGINES; 

AN INTRODUCTORY TEXT-BOOK 

On the Theory, Design, Construction, and Testing of Internal 
Combustion Engines without Boiler. 

FOR THE trSE OF STUDENTS. 
BY 

Prof. W. H. WATKINSON, Whit. Sch., M.Inst.Mkch.E., 

Glasgow and West ot Scotland Technical College. 



Engineering Drawing and Design 

(A TEXT-BOOK OF). 

Second Edition. In Two Parts, Published Separately. 

Vol. I. — Practical Geometry, Plane, and Solid. 3s. 

Vol. II. — Machine and Engine Drawing and Design. 4s. 6d. 

BY 

SIDNEY H. "WELLS, Wh.Sc, 

A.M.INST.C.B., A.M.INST.MECH.B., 

Principal or tlie Battersea Polytechnic Institute, and Head of the Engineering Department 

therein ; formeriy of the Engineering Departments of the Yorkshire College, 

Leeds ; and Dulwich Colleize, London. 

With many Illustrations^ specially prepared for the Work, and numerous 
Examples J for the Use of Students in Technical Schools and Colleges, 

*' A THOEOUGHLY usEPOi woEK, exceedingly well written. For the many Examples and 
Questions we have nothing but praise."— iVa(wre. 

"A CAPITAL TEXT-BOOK, arranged on an excellent system, calculated to give an intelligent 
grasp of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells showi 
how to make complete woBEiHO-DaAWiNos, discussing fully each step in the design."— in«ctrtcai 
Jt&vieia. 

** The first book leads easily and natdhally towards the second, where the technical pupil 
is brought into contacb with large and more complex designs."- TA^ 8choolmasUr. 

LONDON : CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND. 
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MUNRO & JAMIESON'S ELECTRICAL POCKET-BOOK. 

Thirteenth Edition, Revised and Enlarged. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.E. 

With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 

aENERAL CONTENTS. 



Units of Measurement. 

Measures. 

Testing. 

Conductors. 

Dielectrics. 

Submarine Cables. 

Telegraphy. 

Electro-Chemistry. 



Electro-M etallu rgy. 

Batteries. 

Dynamos and Motors. 

Transformers. 

Electric Lighting. 

Miscellaneous. 

Logarithms. 

Appendices. 



" WoNDKRFULLY Pkrfkct. . . . Worthy of the highest commendatiaii we can 
ffive it." — j£Uctrician. 

"The Stekling Valok of Messrs. Munro and Jamieson's Pockkt-Book,"~ 
EUcirical Rtvitw. 



Electrical Measurements & Instruments. 

A Practical Hand-booh of Testing for the Electrical 
Engineer. 

Bt CHARLES H. YEAMAN, 

Assoc. lust. E.E., formerly Electrical Engineer to the Corporation of Liverpool. 

[In Preparation. 

SfecoND Edition, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

GRIFFIN'S ELECTRICAL PRICE-BOOK. 

FoF Electrical, Civil, Marine, and Borough Engineers, Local 
Authorities, Architects, Railway Contractors, &e., &c. 

Edited by H. J. DOWSING, 

Member 0/ the Institution of Electrical Engineers ; of the Society of Arts ; of ike London 
Chamber of Commerce, &*€. 

" The Ei-ECTRicAL Prick-Book removes am, mystery about the cost of Electrical 
Power. By its aid the expense that will be entailed by utilising electricity on a large or 
small scale can be discovered." — Architect. 

"The value of this Electrical Price-Book cannot BE ovKR-BSTiMATED. . . . ^S^ 
•ave time and trouble both to the engineer and the business rt\A.n."^ Machinery. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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By PROFESSORS J. H. POYNTING & J. J. THOMSON. 

In Large 8vo. Fully Illustrated. 

A TEXT-BOOK OF PHYSICS: 

COMPBISINO 

PROPERTIES OF MATTER ; SOUND; HEAT; MAGNETISM 
AND ELECTRICITY; AND LIGHT. 

BY 

J. H. POYNTING, J. J. THOMSON, 

BCD., F.E.B., AND ^•^•' ^-^-B't 

Late Fellow of Trinity College, Cambridge; Fellow of Trinity College, Cambridge; Prot 

Professor of Physics. Mason College, * of Experimental Physics in the Umreni^ 

Birmingham. of Cambridge. 



Volume I., Now Ready, Price 8s. 6d. 

SOUNI>. 

Contents.— The Nature of Souod aud its chlet Clmrao'eristics,— The Velocity of Sound 
in Air and other Media.— Refl-'Ciou and Befractiou of Sound. —Frequeccy and Pitch of 
Notes.— Resonance and Forced Oscillations.— Analysis of "Vibrations. — Tiie Transverse 
Vibrations of Stretched Strings or Wires.— Pipes and other Air Cavities.— Rods. — Plates. 
— Membranes. — Vibrations maintained by Heat,— Sensitive Flames and Jets.— Musical 
Sand.— The Superposition of Waves. — Index. 

%* FuUisJiers' Nocc— It is intended that this important and lonq-expbotbd 
Tbeatise shall be issued in separate Volumes, each complete in itself, and 
published at regular intervals. 



In large 8vo, with Bibliography, Illustrations in the Text, and seven 
Lithographed Plates. I2s. 6d. 

THE MEAN DENSITY OF THE EARTH: 

.An Essay to which the Adams Prize was adjudged in 1893 in 
the University of Cambridge. 

BY 

J. H. POYNTING, Sc.D., F.R.S., 

Xate Fellow of Trinity College, Cambridge; Professor of Physics, Mason 

College, Birmingham. 

" An account of this subject cannot fail to be of great and gbnbbal ih tbkbbt to the scientlAe 
mlad. EspeciallT is this the case when the accoant is given by one who has contributed bo 
oonsiderably; as has Prof. Poynting to our present state of knowledge with respect to a rerj 
dlfflcult subject. . . . BemarRably has Newton's estimate been venfied by Prof. Poyntinff."— 
jLthenaum. 

LONDON: OHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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§6. GRIFFIN'S NAUTICAL SERIES. 

Edited by EDW. BLACKMORE, 

Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N.A.; 

And Wkittbh, mainly, by Sailors lor Sailoks. 



" This ABMIRABLH SERIES."— J'airpiay. ■■ A VEKr ubephl Series."— JTature. 

" The volumes of MESSRS. Griffin's Nadtioal Series may well and profitably bo 
read by all interested In our NATIONAL MABITIME PEOGRESS."— JlfariTi* Engineer. 

"Evert Ship should have the whole Series as a Reference Library. Hand- 
flOMKLY BODND, CLEARLY PRINTED and ILLDSTRATBD."— iiuerpooj Journ. of Commerce. 



The British Mercantile Marine : An Historical Sketch of its Rise 

anil Development. By the Editor, Capt. Blaokmobs. 8s. 6d. 

"Captain ^ackiuore's SPLENDID BOOK . . . contains paragraphs on every point 
of interest to the Merchant Marine. The 243 pages of this book aie the most valu- 
able to the sea captain that have ever been compiled."— JfercAajit Heraixe Mevievi. 



Elementary Seamanship. By D. WiiaoN-BARKKB, Master Manner, 

F.R.S.B., F.E.G.S. With numerous Plates, two in Colours, and itontispleoe. 

Second Edition, Revised. 6s. 

"This ADMIRABLE MANXTAL, by CAPI. WiLSON BAKKEK, Of the 'Worcester,' seems 

to us PERFECTLY DESIGNED. "-.^tAeniSUm. 



Know YOUP Own Ship : A Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard oJ Ships. By THOB. WALTON, JSaval Axchitecu 
With numerous Illustrations and additional Chapters on Buoyancy, 'I'ruu, auU 
Calculations. FOURTH Edition, Revised. 7s. 6d. 
"Mb. Walton's book will be found very nsKFUL."- 2'A« Jinyineer. 



The Construction and Maintenance of Vessels built of Steel, 

By Thos. Walton, Naval Architect. IShortly. 



Navigation : Theoretical and Practical. By D. Wilson-Barkek, 

lilaster Mariner, *c., and William Allinoham. 3s. 6d. 

"Precisely the kind of work required tor the New Certificates of competency. 
Candidates will find it INTAHriBLB."— 2)u)i(fee Advertiser. 



Latitude and Longitude : How to find them. By W. J. Millab, 

C.E., late Sec. to the Inst, of Engineers and Shipbuilders in Scotland. 2s. 
"Cannot but prove an acquisition to those studying Navigation."— Jfarine Engineer. 

Practical Mechanics : Applied to the requirements of the Sailor. 

By Thos. SFaokenzie, Master Mariner, F.R.A.S. Ss. 6d. 

" Well WORTH the money . . . exoebdinqlt helpful. "—S7»j)?i»ii7 Forid. 

Marine Meteorology : Per Officers of the Merchant -Navy. By 
William Allinqham, First Class Honours, Navigation, Science and Art Department. 

Trigonometry : For the Young Sailor, &c. By Rich. C. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." Price 3s. 6d. 
- "This eminently practical and reliable volume. —Schoolmaster. 

Practical Algebra. By Rich. C. Buck. Companion Volume to the 

?.'in'jus?tSoki?ufe"yo^55n^^ 

Tho TBcral niitips of Shiomasters. By Benedict Wm. Ginseuro, 
ILA^^u;.", " the Inn" ™mpl^ Northern Cucuit: Barrister-at-Law. 

" iSvA'uAmE to Masters. . . . We can fully reco mmend it."-SIiipping Gazette. 

A Medical and Surgical Help for Shipmasters. Including First 

Aid at sea. By Wm JOHNSON Smith, F.R.C.S., Principal Medical Officer, Seaman's 
Hospital, Greenwich. 68. „ „. x . 

" SOOKD, JDDioions, REALLY HELPFUL. —The Lancet. 



LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET. STRAND. 



«S OHARLaa ORITFIH * OO.'B PVBLIOATIOirK, 

GRIFFIN'S NAUTICAL SERIES. 

Price 3s. 6d. Post-free. 
THE 

British Mercantile Marine- 

By EDWARD BLACKMORE, 

MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS; 

MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 

IN SCOTLAND; EDITOR OF GRIFFIN'S "NAUTICAL SERIES." 

G-ENERAL Contents. — Histobical : From Early Times to 1486— Progresa 
under Henry VIII.— To Death of Mary— During Elizabeth's Reign— Up to 
the Reign of William III.— The 18th and 19th Centuries— Institution ot 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legislation^ 1862 to 1875 — "Locksley Hall" Case- 
Shipmasters' Societies — Loading of Ships — Shipping Legislation, 1884 to 1894 — 
Statistics of Shipping. The Personnel : Shipowners— Officers— Mariners — 
Duties and Present Position. Education : A Seaman's Education : what it 
should be— Present Means of Education— Hints. Discipline and Duty— 
Postscript — The Serious Decrease in the Number of British, Seamen, a Mattes- 
demanding the Attention of the Nation. 

" Interesting and Ikstrdctive . . . may be read with profit and enjotuest." — 
Glasgow Herald. 

'■Evert branch of the subject is dealt with in a way which shows that the writer 
• knows the ropes' familiarly."— jScoiamara. 

"This ADMIRABLE book . . . lEESiB With u&eful information— Should be in thfl 
hands of every %&\\ov.'"— Western Morning News. 



WORKS BY RICHARD C. BUCK, 

of the Thames Nautical Training College, H.M.S. 'Worcester.' 

1. A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Post-free 8s. 6d. 

*^* Mr. Buck's Text-Book has been specially prepared with ■-■ view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

"This EMINENTLY PRACTICAL and KELIABLE VOLUME." — SckOolmasicV. 

2. A Manual of Alg-ebra. 

Designed to meet the Requirements of Saiiors and others. Price 5s, 6d. 

%* These elementary works on algebra and trigonometry are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for " selp- 
HELP." All but the simplest explanations have, therefore, been avoided, and answers do 
the Exercises are given. Any person may readily, by careful study, become master of their 
contenta, and thus lay the foundation for a further mathematical course, if desired. It it 
hoped that to the younger Ofacers of our Mercantile Marine thpy will be found decidedly 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the " Worcester. " 

%* For complete List of Griffin's Nautical Series, see p. 45. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition. Price Sa. Pout-free. 

-H. TilI.Ii.VfXJ R.T^ OB' 

ELEMENTARY SEAMANSHIP. 

ET 

D. WILSON-BARKER, Master Mariner; F.R.S.E., F.R.G.S.,&c. &c.- 

YOUNGER BROTHER Or THK TRINITY HOUSE. ' ' 

With Frontispiece, Twelve Plates (Two in Colours), and lUustrationa 
in the Text. 

General CoKTENTS.— The Building of a Ship; Parts of Hull, Mastiv 
&o.— Kopes, Knots, Splicing, &c. — Gear, Lead and Log, &o. — Rigging, 
Anchors — Sailmaking— The Sails, &c —Handling of Boats under Sail — 
Signals and Signalling— Rule of the Road— Keeping and Relieving Watch- 
Points of Etiquette— Glossary of Sea Terms and Phrases— Index. 
*** The volume contains the hew rulkh of the road. 

" This ADMIRABLE MANUAL, by Capt. Wilson-Harkbr of the '• Worcester," seems to us 
MKFECTLT DE81GKED, and liolds ita place excellently in ' Griffin's Nadtical Series.' . 
AltbougQ intended for those who are to become Officers of the Merchant Navy it will b» 
found useful by all yachtsmen."— ^(Aenajum. 

" Five shillings will be well spent on this little book. Oapt. Wilson-Barker know* 
from experience what a young man wants at the outset of his career."— J'Ae Engineer. 



Price 3s. 6d. Post-free. 

isrAviaATio:Nr: 

By DAVID WILSON-BARKER, R.N.R., F.R.S.E., &c., ic, 

AND 

WILLIAM ALLINGHAM, 

FIRST-CLASS HONOURS, NAVIGATION, SCIENCK AN1> ART DEPARTMENT. 

WUb 1Rumerou0 JUustrations an& B^aminatiori (Questions, 

General Contents. — Definitions — Latitude and Longitude — Iiistrument& 
of Navigation — Correction of Courses — Plane Sailing — Traverse Sailing— I)ay'9 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator's Chart— 
Mercator Sailing — Current Sailing — Position by Bearings— Great Circle Sailiug 
— The Tides — Questions — Appendix : Compass Error — Numerous Useful Hints, 
&c. — Index* 

*' Precisblt the kind of work required for the New Certiflcatea of competency in grades 
from Second Mate to extra Master. , . . Caudirtates will find it invaluable."— ^und« 
Advertise^'. 

"A CAPITAL LITTLE BOOK . . . Specially adapted to the Now Examinations. The 
Authors are Oapt. "Wilson-Barker (Captain-Superiniendent of the Nautical College, H.M.S. 
" Worcester," who has had great experience in the highee t problems of Navigation), and 
Me. Allingham, a well-known writer on the Science of Navigation and Nautical Astronumy, " 
—Shipping World. 

%*For complete List of Gkibtin's Nautical Skbjes, see p. 45. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANa 
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GRIFFiyS NAUTICAL SERIES. 

Crown 8vo, with Numerous Illustrations. Handsome Cloth. 3s. 6cl. 

Practical Mechanics: 

Applied to the Eequirements of the Sailor. 
By THOS. MACKENZIE, 

^faster Hariner, F.R.A.S. 

General Contents. — Resolution and Composition of Forces— Work done 
foy Machines and Living Agents— The Mechanical Powers: The Lever; 
Derricks as Bent Levers— The Wheel and Axle : Windlass ; Ship's Capstan ; 
Crab Winch- Tackles : the " Old Man "—The Inclined Plane ; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Heme, Coir — Derricks and Shears — Calculation of the 
Cross-breaking Strain of ]?ir Spar— Centre of Effort of Sails— Hydrostatics : 
the Diving-bell ; Stability of Tloatiug Bodies ; the Ship's Pump, &c. 

" This excellent book . . . contains a large amount of information." 
— N'ature. 

" Well wokth the money . . . will be found exceedingly helpful." — 
Shipping World. 

No Ships' Officers' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics.' Notwithstanding my many 
years' experience at sea, it has told me how much more there is to acquire." — 
^Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have taken 
in 'Practical Mechanics.' . . . It is a life's experience. . . . 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &o. ! 'Practical Mechanics' would save all 
THIS." — (Letter to the Author from another Master Mariner). 



Crown 8vo, with Diagrams. 2s. Post-free. 

Latitude and Longitude: 

Ho^nr to Fixid tlxem.. 

By W. J. MILLAR, C.E., 

Late Secretary to the Inst, of Engineers and SMphuilders in Scotland. 

" Concisely and clearly written . . . cannot but prove an acquisition 
to those studying Navigation." — Marine Engineer. 

" Young Seamen will find it handy and useful, simple and clear."— TAe 
Engineer. 

*^* For Complete List of Griffin's Nautical Series, see p. 45. 
LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

In Crown 8vo. Handsome Cloth. 4s. 6d. Post-free. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BY 

BENEDICT WM. GINSBURG, M.A., LL.D. (Cantab.), 

Of the Inner Temple and Northern Circuit; Barrister- at-Law. 

General Contents.— The Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner— The Master's Duty In respect of the Crew : Engagement ; 
Apprentices ; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of Wages and Discharge- The Master's Duty in respect of the Passengers— The Master's 
Financial Responsibilities— The Master's Duty in respect of the Cargo — The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flags, and Light Dues— The Master's Duty 
upon Arrival at the Port of Discharge — Appendices relative to certain liCgal Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Kegula- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, (fee, &c.— Copious Index. 

" No Intelligent Master should fail to add tills to his list of useful and necessary books. 
The price (4s. 6d.) cannot be quoted as an excuse for n on -possession, and a few lines of It 
may save a lawvkb's jteb, besides endless worky."— i-tuerpooi Journal of Commerce. 

"Sensible, plainly written, in cleah and noh-technical language, and will be found of 
MUCH service by the Shipmaster."— 5ri7i«fl Trade Review. 



FIRST AID AT SEA. 

With Coloured Plates and Numerous Illustrations. 6s. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.R.C.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

%* The attention of all interested in our Mercliant Naxy is requested to this exceedingly 
useful and valuable worlc. It is needless to aay tliat it is tlie outcome of many years 
FBACTICAL EXl'EiiiENCE amongst Seamen. 

** Sound, judicious, really helpful " — The Lancet. 



MARINE METEOROLOfiY 

FOR OFFICERS OF THE MERCHANT NAVY. 

BY 

WILLIAM ALLINGHAM, 

Joint-Author of " ifavigation, Theoretical and Practical." 

[/» Preparation. 
*,* For Complete List of Geiffin's Nautical Sekies, see p. 45. 
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so OSAJtLJSS ORIFFIN i OO.'S PUBLIOATIONB. 

GRIFFIlf'S NAUTICAL SERIES. 

Fourth Edition. Revised throughout, with additional Chapters on 

Trim, Buoyancy, and Calculations. Numerous Illustrations. 

Handsome Cloth, Crown Svo. 7s. 6d. 

KHOW YOUB OWM SHIP. 

By THOMAS WALTON, Naval Architect. 

SPECIALLY AEKANOED TO SUIT THE REQUIREMENTS OF SHIPS' OEPICERS, 

SHIPOWNERS, SUPERINTENDENTS, DRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 

This work explains, in a simple manner, such important 
subjects as : — 

Displacement, Deadweight, Tonnage, Freeboard, Moments, 

Buoyancy, Strain, Structure, Stability, Rolling, Ballasting, 

Loading, Shifting Cargoes, Admission of Water, 

Sail Area, &c., &c. 

" The little book will be found exceedingly handy by most officera and 
ofScials connected with shipping. . . . Mr. Walton's work will obtain 
LASTING SUCCESS, because of its unique fitness for those for whom it has been 
written." — Shipping World. 

' ' An EXCELLENT WORK, full of Solid instruction and invaluable to every 
officer of the Mercantile Marine who has his profession at heart." — Shipping. 

" Not one of the 242 pages could well be spared. It will admirably fulfil its 
purpose . . . useful to ship owners, ship superintendents, ship draughts- 
men, and all interested in shipping." — Liverpool Journal of Commerce. 

" A mass of very useful information, accompanied by diagrams andillus- 
trations, is given in a compact form." — Fairplay, 

" A large amount of most useful information is given in the volume. 
The book is certain to be of great service to those who desire to be thoroughly 
grounded in the subject of which it treats." — Steamship. 

" We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been admirably con- 
densed, and is simple enough to be understood by every seaman." — Marine 
Jingineer. 



By the Same Author. 
In Preparation. 

THE CONSTRUCTION AND MAINTENANCE 
OF VESSELS BUILT OF STEEL. 

Ilhislrated with Nvmcrous Plates and Diagrams, 
*^* For Complete List of Griffin's Nautical Series, see p. 45. 
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GEOLOGY, MINING, AND METALLURGY. 51 

§§7-8. Griffin's Geological, Prospecting, Mining, and 
Metallurgical Publications. 



PAGE 



Geology, Stratigraphieal, R. Ethbkidge, r.R.s., . . 52 

„ Physical, . . Prof. H. G. Seelet, . . 52 

,, Practical Aids, 3rd Ed., Prof. Grenville OoLE, . 53 
„ Open Air Studies, . „ >, .86 

Griffin's "New Land" Series) Ed. by Prof. Cole, . . 54 
for Prospectors, / ^ ' 

1. Prospecting for Minerals, S. Herbert Cox, A.R.S.M., . 55 

2. Food Supply, . Robt. Bruce, ... 54 

3. New Lands and their) 

Prospective Advan- VH. R. Mill, D.Sc, F.R.S.E. 54 
tages, . . . j 

4. Building Construction, Prof. Jas. Lyon, 54 
Ore and Stone Mining, 2nd Ed., Prof. Le Neve Foster, . 56 
Elementary Mining, . ■ „ „ .56 
Coal Mining, 3rd Ed., . H. W. Hughes, F.G.S., . 57 
Petroleum, .... Redwood and Holloway, . 58 
Mine-Surveying, 6th Ed., . Bennett H. Brough, A. R.S.M., 59 
Blasting and Explosives, O. Guttmann, A.M.I.C.E., . 59 
Mine Accounts, . • • P«of. J. G. Lawn, . 60 
Metallurgy (General Treatise 1 p^jllips and Bauerman, . 61 

on), 3rd Ed., J 

,, (Elementary), Prof. Humboldt Sexton, 66 

Assaying, 5th Ed., . . J. J. & C. BEmxr.ER, . 66 

„ .^ , ,, ^ ,, . ,_ . (Ed. byPROF. RoBERTS-AuSTEN, 

Griffin's Metallurgical Series I cb.^f.r.s., ... 62 

l.Introduetion to Metal ^.pj^QpjloBg^^s.AusTEN, . 63 
lurgy, 4th Ed., . j 

2. Gold, Metallurgy of, ) jj^^ j^jj^^,^ rose, A.R.S.M., 64 

3rd Ed., . . . / 

3. Iron, Metallurgy of, . Thos. Turner, a R^S M., . 65 
4 Steel , • F. W. Hakbord, A.R.S.M., 65 
5*. Silver and Lead, „ • H. F. Collins, A RS^M . 65 
6. Metallurgical Machinery, H. C. Jemkins, A.Rfe.M., . bJ 

Getting Gold, 2nd Ed., . J. C F. Johnson, F.G.S., . 55 

Electric Smelting and 1 Borchers and McMillan, . 67 

Refining, • ■ i 

Tables for Quantitative ( j j^j^^s Morgan, . . 67 

Metallurgical Analysis, f ^ ^^ ^, ,. ^ n ks 

Electro-Metallurgy, . • W. G. McMillan, F.LC, . 68 

Goldsmith and Jeweller's Art, Thos. B. Wigley, . . ■ 68 
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52 CHARLES GRIFFIN <fc VO.'S PUBLICATIONS. 

Demy 8vo, Handsome cloth, 18s. 

Physical Geology and Palaeontology, 

OJV THE BASIS OF PHILLIPS. 

BY 

HARRY GOVIER SEELEY, F. R. S., 

PROFESSOR OP CBOGRAPMY IH KING'S COLLEGE, LONDON. 

TWlltb ffrontisplecc in Cbromo=X4tboflrapbB, an& Jllustrations, 



" It is impossible to praise too highly the research which Professoe Seeliy's 
• Physical Geology ' evidences. It is far more than a Text-book — it if 
a. Directory to the Student in prosecuting his researches." — Presidential Ad- 
dresstothe Geological Society, i&?,\,by Rev. Prof. Bonney D.Sc.,LL.D., F.R.S. 

" Professor Seeley maintains in his ' Physical Geology ' the high 
reputation he already deservedly bears as a Teacher. " — Dr. Henry Wood- 
umrd, F.R.S., in the " Geological Magazine." 

" Professor Seelf.y's work includes one of the most satisfactory Treatises 
on Lithology in the English language. ... So much that is not accessible 
in other works is presented in this volume, that no Student of Geology cam 
afford to be without it." — American /oumal of Engineering. 



Demy 8vo, Handsome cloth, 34s. 

StratigrapUcal Geology & Palaeontology, 

OJ^ THE BASIS OF PHILLIPS. 

BY 

ROBERT ETHERIDGE, F. R. S., 

OF TKH NATURAL HIST. DHPAR.TMENT, BRITISH MUSEUM, LATH PALEONTOLOGIST TO TMH 

GEOLOGICAL SURVEY OF GREAT BRITAIN, PAST PRBSIDBKT OF THS 

GEOLOGICAL SOCIIITY, HTC. 

TDHitb ^ap, mumerous ^aWc0, an& ZUitQ^QXx platc0» 



" Ne such compendium of geological knowledge has ever been brought together befew,"— 
Was4fninsier Review. 

" If Prof. Skkley's volume was remarkable for its originality and the breadth of its news. 
Mr. Etheridge fully justifies the assertion made in his preface that his book differs in cob" 
■traction and detail from any known manual. . . . Must take high rank among wobks 

OF REFERENCE." — AtJufUntm. 

LONDON: CHARLES GRIFFIN I CO., LIMITED, EXETER STREET, STRAND. 



PRACTICAL QEOLOQT AND PSOSPBCTINQ. S3 

Works by GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

Professor of Geoloey in the Royal College of Science for Ireland. 



PRACTICAL GEOLOGY 

(AIDS IN): 

WITH A SECTION ON PALjSONTOLOGY. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

Third Edition, Revised and in part Re-written. With Frontispiece 
and Illustrations. Cloth, los. 6d. 



OENEKAL CONTENTS.— 
PART I.— Sampling of the Earth's Crust. 
PART II.— Examination of Minerals. 
PART III. — Examination of Rocks. 
PART IV.— Examination of Fossils. 

" Prof. Cole treats of the examination of minerals and rocks in a way that has neTor 
been attempted before . . . deserving of the highest pkaise. Here indeed are 
'Aids' INNUMERABLE and INVALUABLE. All the directions are given with the utmost clear- 
ness and precision." — Atktnaum. 

" To the younger workers in Geology, Prof. Cole's book wil be as indispensabli as a 
dictionary to the learners of a language. '—Saturday Review. 

"That the work deserves its title, that it is full of 'Aids,' and in the highest degree 
* practical,' will be the verdict of all who use it." — Nature. 

" This excellent Manual . . . will be a very great help. . . The section 
•n the Examination of Fossils is probably the best of its kind yet pubbshed. . .^ * ULU 
ofvrell-digested information from the newest sources and from personal research. —Annals 
o/lfai. Histtry- 



OPEN-AIR STUDIES! 

An Introduction to Geolog-y Out-of-doors. 

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 

With 12 Full- Page Illustrations from Photographs. 
Cloth. 8j-. 6d. 

For details, see p. 86. 



Edited by PROFESSOR COLE. 

The "New Land" Series for Colonists and Prospectors 



(See next page). 



LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND. 



S4 OHARLSB GSIFFm * 00. 'B P UBLIOA TIONB. 

The "New Land" Series 

OP 

Practical Hand-Books 

For the Use of Prospectors, Explorers, Settlers, 

Colonists, and all Interested in the opening 

up and Development of New Lands. 

EDITED BY 

GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

Professor of Geology in tlie Royal College of Science for Ireland. 
Large Crown 8vo, Cloth or Leather, with lUustrationa. 



Vol. L— prospecting FOR MINERALS. By S. 
Herburt Cox, Assoc.R.S.M., M.Inst.M.M., F.G.S. Cloth, 
5s.; Leather, rounded corners, 6s. 6d. 

"If the succeeding volumes of the New Lakd Series are equal in merit t") the First, 
we must cougratulate the Publishers on successl^ally Mlling up a gap in existing literature." 
— Mining Journal. 

Vol. 2.— food SUPPLY. By Robert Bruce, Agricultural 
Superintendent to the Royal Dublin Society. With many 
Engravings and Photographs. Cloth, 4s. 6d. 

" Bristles with information."— /'^rtr;/jc/-s' Gazette. 

IX PREl'ARATIOX. 

Vol. 3.— new LANDS AND THEIR PROSPECTIVE 
ADVANTAGES. By Hugh Robert Mill, D.Sc, 
P.R.S.E., Librarian to the Royal Geographical Society. 

Vol 4.— BUILDING CONSTRUCTION in WOOD, STONE, 
AKD CONCRETE. By Jas. Lyon, M.A., Professor of 
Engineering in the Royal College of Science for Ireland ; 
sometime Superintendent of the Engineering Department in 
the University of Cambridge; and J. Taylor, A.R.C.S.I. 



\* Other Volumes will follow, dealing with subjects of 
Primary Importance in the Examination and Utilisation of 
Lands which have not as yet been fully developed. 

LOUDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S "WEW LAND" SERIES . 

Now Ready. With Illustrations. Price in Cloth, 5s.; strongly hound in 
Leather, 6s. Gd. 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Deuelopment of New Lands. 

BY 

S. HERBP:RT OOX, Assoc.R.S.M., M.InstM.M., F.G.S., ic. 

GrKNERAL CONTENTS. — Introduction and Hints on Geology — The Determina- 
tion of Minerals ; Use of the Blow-pipe, &c. — Rock-forming Minerals and Nou- 
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, Litho- 

fraphic Stone, Quartz and Opal, &c.. &c. — Precious Stones and Gems — Stratified 
)epositB: Coal and Ores- Mineral Veins and Lodes— Irregular Deposits — 
Dynamics of Lodes : Faults, &c. — Alluvial Deposits— Noble Metals : Gold, 
Platinum, Silver, &c.— Lead — Mercury— Copper — Tin — Zinc— Iron- Nickel, 
&o. — Sulphur, Antimony, ArseniO) &;c. — Combustible Minerals— Petroleum- 
General Hints on I'rospecting— Glossary — Index. 

"This ADMIRABLJi: LITTLK WOKK . . . written with SCIENTIFIC AOCURAOT in a 
<JLK \R and IiUOID style. ... An important addition to technical literature . . . 
will be of value not only to the Student, but to the experienced Prospector."— Jlftninp 
Journal. 



NOW READY. Vol. II. With many Engravings and Photographs. 
Cloth, 43. 6d. 

I^OOD SUPPLY. 

By ROBERT BRUCE, 

Agricultural Siiporintendent to the Royal Dublin Socu-ry, 
With Appendix on Preserved Foods by C. A. Mitchioix, B.A., F.I.C. 
Gbnerai. Contents. — Climate and Soil — Drainage and Rotation of 
Crops — Seeds and Crops — Vegetables and Fruits— Cattle and Cattle- 
Breeding— Sheep and Sheep Rearing— Pigs— Poultry — Horses — The Dairy 
— The Farmer's Implements — The Settler's Home. 
" Bhtstles with inpokuation."— i^nrwCT'.*' Gazette. 

Second Edition. With Illustrations. Oloih, 'is. 6d. 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL MEN. 
By J. 0. F. JOHNSON, F.G.S., A.I.M.E., 

Life Member Australasian Mine-Managers' Aaaociation. 
General Contents.— Introductory : Getting Gold— Gold Prospecting 
(Alluvial and G eneral)— Lode or Reef Prospecting— The Genesiology of Gold- 
Auriferous Lodes— Auriferous Drifts— Gold Extraction— Secondary Processes 
and Lixiviation— Calcination or "Roasting" of Ores— Motor Power and .its 
Transmission— Company Formation and Operations — Rules of Thumb: Mmmg 
AppUanoes and Methods— Selected Data for Mining Men— Australasian Mmmg 
Regulations. 

" Practioal from beginning to end . . . deals thoroughly with the Prospecting, 
.Sinking, Crushing, and Extraction of gold."— Brit. Australasian. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND. 



(6 CHARLES ORIFFIN A OO.'S PUBLWATIOITB. 

ORE & STONE MINING. 

BY 

C. LE NEVE FOSTER, D.Sc., F.R.S., 

FltOPBSSOR OK MINING. ROYAL COLLBGE 0F SCIENCE H.M. INSPECTOR OF MINES. 

Third Edition, With Frontispiece and 716 Illustrations. 34s, 



" Dr. Foster's book was expected 'to be epoch-making, and it fully justifies such expeo- 
tation. ... A most admirable account of the mode of occurrence of piactically alx, 
KNOWN MINERALS. Probably stands unrivalled forcompleteness."— 7'^jI/Mt«£'7'*''^««/* 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Occuppence of Minerals: Classification: Tabul&r 
Deposits, Masses — Examples: Alum, Amber, Antimony, Arsenic, Asbestos, Asphalt, 
Baryt^ Borax, Boric Acid, Carbonic Acid, Clay, Cobalt Ore, Copper Ore, Diamonds. 
Flint, Freestone, Gold Ore, Graphite, Gypsum', Ice, Iron Ore, Lead Ore, Manganese 
Ore, Mica, Natural Gas, Aiitrate of Soda, Ozokerite, Petroleum, Phosphate of Xime, 
Potassium Salts, Quicksilver Ore, Salt, Silver Ore, Slate, Sulphur, Tin Ore, Zmc Ore. 
Faults. PPOSpectlnfiT : Chance Discoveries — Adventitious Finds — Geology as a 
Guide to Minerals— Associated Minerals— Surface Indications. Boringr: Uses of 
Bore-boles — Methods of Boring Holes: i. By Rotation, ii. By Percussion with Rods, 
iii. By Percussion with Rope. Breaking Ground: Hand Tools— Machinery- 
Transmission of Power— Excavating Machinery : i. Steam Diggers, ii. Dredges, 
iii. Rock Drills, iv. Machines for Cutting Grooves, v. Machines for Tunnelling — 
Modes of using Holes — Driving and Sinking — Fire-setting — Excavating by Water. 
Supporting Excavations: Timbering— Masonry — Metallic Supports — Watertight 
Linings— Special Processes. Exploitation: Open Works :—Hyaraulic Mining — 
Excavation of Minerals under Water— Extraction of Minerals by Wells and Bore- 
holes — Underground W orkings- Beds — Veins— Masses. Haulage op Transport: 
Underground: by Shoots, Pipes, Persons, Sledges, Vehicles, Railways, Machinery, 
Boats— Conveyance above Ground. Hoisting or Winding : Motors, Drums, and 
Pulley Frames— Ropes, Chains, and Attachments — Receptacles— Other Appliances — 
Safety Appliances — Testing Ropes — Pneumatic Hoisting. Drainage: Surface Water 
— Dams — Drainage Tunnels — Siphons — Winding Machinery — Pumping Engines 
above ground — Pumping Engines below ground — Co-operative Pumping. Ventila- 
tion: Atmosphere of Mines— Causes of Pollution of Air— Natural Ventilation — 
Artificial Ventilation : i. Furnace Ventilation, ii. Mechanical Ventilation — Testing 
the Quality of Air — Measuring the Quantity and Pressure of the Air— Efficiency of 
Ventilating Appliances — Resistance caused by Friction. Lighting: Reflected 
Daylight — Candles — Torches — Lamps— Wells Light— Safety Lamps — Gas — Electric 
Light. Descent and Ascent : Steps and Slides — Ladders — ^Buckets and Cages — Man 

Engine. Dpessing: i. Mechanical Processes ii. Processes depending on Physical 

Properties— iii. Chemical Processes— Principles of Employrnent of Mining Labour 
—Legislation affecting Mines and Quappies. Condition of the Minep- 
Aeeidents. 

' ** This EPOCH-MAKING work . . . appeals to men of experience no less than to 
students."— ^^r^- und HUtienntdnnisch^ Zeit-ung. 

" This splendid work." — Oesierr. Ztschrfi. /ur Berg- uttd HUttenivesen, 



ELEMENTARY MINING AND QUARRYING 

(An Introductory Text-book). 
By Prof. 0. LE NEVE FOSTER, F.KS. 

Id. Crown 8vo. With Illustrations. [Shortly. 

LONDON; CHABLE8 GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



WORKS ON MimNG. 57 

COAL-MINING (A Text-Book of): 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 

BY 

HERBERT WILLIAM HUGHES, F.G.S., 

Assoc. Royal School of Mines, General Manager of Sandwell Park Colliery. 
Third Edition. In Demy 8»i7, Handsome Cloth. With very Numerous 

Illustrations, mostly reduced from Working Drawings. Price l%s. 
"The details of colliery work have been fully described, on the ground that 
collieries are more often made remunerative by perfection in small matters 
than by bold strokes of engineering. ... It frequently happens, in particular 
localities, that the adoption of a combination of small improvements, any of 
vfhich viewed separately may be of apparently little value, turns an unprofitable 
concern into a paying om." —Extract from Author's Preface. 



GENERAL CONTENTS. 
Geologry : Rocks -Faults— Order of Succession— Carboniferous System in Britain. 
Ooal : Detinition and Formation of Coal— Classification and Commercial Value of CotUs. 
Searoh for Coal : Boring — various appliances used — Devices employed to meet Difficulties 
of deep Boring— Special methods of Boring— Mather & Piatt's, American, and Diamond 
systems — Accidents in Boring — Cost of Boring— Use of Boreholes. Brealdng 0roiind: 
Tools — Transmission of Power Compressed Air, Electricity — Power Machine Drills — Coal 
Cutting by Machinery— Cost of Coa ICutting— Explosives— Blasting in Dry and Dusty 
Mines— Blasting by Electricity— Various methods to supersede Blasting. Slnklzig: 
Position, Form, and Siae of shaft— Operation of getting down to " Stono-head'* — Method of 
proceeding afterwards — Lining shafts— Keeping out Water by Tubbing— Cost of Tubbing- 
Sinking by Boring — Kind - Chaudron, and Lipmann methods — Sinking through Quicksands 
—Cost of Sinking. Preliminary Operations : Driving underground Roads — Supporting 
Roof: Timbering, Chocks or Cogs, Iron and Steel Supports and Masonry— Arrangement of 
Inset. Methods of Working : Shaft, Pillar, and Subsidence— Bord and Pillar System— 
Idncashire Method— Longwall Method— Double Stall Method— Working Steep Seams — 
Working Thick Seams— Working Seams lying near together— Spontaneous Combustion. 
Haulage: Rails — ^Tubs— Haulage by Horses— Self-acting Inclines— Direct-acting Haulage 

Main and Tail Rope — Endless Chain -Endless Rope— Comparison. Winding; Pit 

Frames— Pulleys— Cages— Ropes— Guides— Engines— Drums— Brakes— Counterbalancing— 
Expansion— Condensation— Compound Engines— Prevention of Overwinding— Catches at pit 
top— Changing Tubs— Tub Controllers— Signalling. Pumping: Bucket and Plunger 
Pumps — Supporting Pipes in Shaft — Valves — Suspended lifts for Sinking — Cornish and 
Bull Engines— Davey Differential Engine— Worthington Pump— Calculations as to size of 
Pumps— Draining Deep Workings— Dams. Ventilation: Quantity of air required- 
Gases met with in Mines— Coal-dust— Laws of Friction— Production of Air-currents— 
Natural Ventilation— Furnace Ventilation— Mechanical Ventilators— Efficiency of Fans^ 
Comparison of Furnaces and Fans— Distribution of the Air-current- Measurement of Air- 
currents. IiighUng: Naked Lights — Safety Lamps— Modem Lamps — Conclusions- 
Locking and Cleaning Lamps— Electric Light Underground— Delicate Indicators. WOTk» 
at Bnrfaoei Boilers— Mechanical Stoking— Coal Conveyors— Workshops. Preparation 
of Ooal for Market : General Considerations— Tipplers— Screens— Varying the Sizes made 
by Screens— Belts— Revolving Tables— Loading Shoots— Typical Illustrations of the arrange- 
ment of Various Screening Establishments— Coal Washing— Dry Coal Cleaning -Bnquettes. 

"Quite THE BEST BOOK of its kind ... as practical in aim as a book can be . _. . 
touches upon every point connected with the actual working of collieries. The illustrauons 
KfKyicaxx.KT."—Atlunaum. , ,, n 

" A Text-book on Coal-Mining is a great desideratum, and Mr. Hughes possessM 
ADMIRABLE QUALIFICATIONS for supplying it. . .We cordially recommend the work. 

— Colliery Guardian. , , . . . , „ . ^u i - r 

" Mr. Hushes has had opportunities for study and research which faU to the lot of 
but few men. If we mistake not, his text-hook will soon come to be regarded as the 
STANDARD WORK of its VixiA." —Birtninglmm Daily Gazette. 
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AND ITS PRODUCTS: 



BOYERTON REDWOOD, 

F.RS.E., F.I.C., Assoc. Inst. C.E., 

Hon. OoiT. Mem of the Imperial Russian Technical Society ; Mem. of the American Chemical 

Society : Consulting Adviser to the Corporation of London under the 

Petroleum Acts, &c., &c. 

Assisted by GEO. T. HOLLOWAY, F.I.C., Assoc. R.C.S., 
And Numerous Contributors. 

In Two Volmnes, Large 8vo. Price 4=5s. 

TOlttb IRumerous ^aps, ipiates, anO JUustrations in tbe Hcit 

GENERAL CONTENTS. 



vni. Transport, Storage, and Dis- 
tribution of Petroleum. 
IX, Testing of Petroleum. 
X. Application and Uses of 

Petroleum. 
XI. Legislation on Petroleum at 

Home and Abroad. 
XII. Statistics of the Petroleum 
Production and the Petroleum 
Trade, obtained from the 
most trustworthy and official 
sources. 



I. General Historical Account of 

the Petroleum Industry, 
n. Geological and Geographical 
Distribution of Petroleum and 
Natural Gas. 
m. Chemical and Physical Pro- 
perties of Petroleum. 
IT. Origin of Petroleum and Natural 

Gas. 
V. Production of Petroleum, 
Natural Gas, and Ozocerite. 
VI. The Refining of Petroleum. 
VII. The Shale Oil and Allied In- 
dustries. 

" The MOST ooMPREHEN.sivE AND OONVKSIENT ACCOUKT that has yet appeared 
of a gigantic industiy which has made incalculable additions to the comfort of 
civiUsed man. . . . The chapter dealing with the arrangement for STOBAQE 

and TRANSPORT of GREAT PRACTICAL INTEREST. . . . The DIGEST of LEGIS- 
LATION on the subject cannot but prove of the greatest utility." — The Times. 

" A SPLENDID CONTRIBUTION to our technical literature." — Chemical News. 

"This THOROUGHLY STANDARD WORK ... in every way excellent 
. . most fully and ably handled . . . could only have been produced 
by a man in the very exceptional position of the Author. . . . Indispen- 
sable to all who have to do with Petroleum, its APPLICATIONS, MANUFACTURE, 
STORAGE, or TRANSPORT." — Mining Journal. 

" We must concede to Mr. Redwood the distinction of having produced a 
treatise which must be admitted to the rank of the indispensables. It con- 
tains THE LAST WORD that can be said about Petroleum in any of its scientific, 
technical, and legal aspects. It would be difficult to conceive of a more 
comprehensive and explicit account of the geological conditions associated with 
the supply of Petroleum and the very practical question of its amount and 
DURATION," — Journal of Oas Lighting. 
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MINE-SURVEYING (A Treatise on): 

For the use of Managers of Mines and Collieries, Students 
at the Royal School of Mines, de. 

By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M., 

Formerly Instructor of Mine-Surveying, Royal School of Mines. 

Seventh Edition, Enlarged and Revised. With Numerous Diagrams. 
Cloth, 7s. 6d. 

General Contents. 
General Explanations — Measurement of Distances — Miner's Dial — Variation of 
the Magnetic-Needle — Surveying with the Magnetic-Needle in presence of Iron — 
Surveying with the Fixed Needle — German Dial— Theodolite — Traversing Under- 
ground — Surface-Surveys with Theodolite — Plotting the Survey— Calculation of 
Areas — Levelling — Connection of Underground- and Surface-Surveys — Measuring 
Distances by Telescope — Setting-out — Mine-Surveying Problems — Mine Plans — 
Applications of Magnetic-Needle in Mining — Photographic Surveying — Afpendices. 

" Has PROVED itself a valuable Text-book: the upst, if not the only one, in the English 
language on the subject." — Mining youmal. 

"No English-speaking Mine Agent or Mining Student will consider his technical library 
Complete without it'" — Nature, 

"A valuable accessory to Surveyors in every department of commercial enterprise.- 
FuUy deserves to hold its position as a standard."— Co/ZiVrj' Guardian. 



In Large Zvo, with Illustrations and Folding-Plates, los, 6d,. 

S X. JL S T I I^l^ G : 

AND THE USE OF EXPLOSIVES. 

A Handbook for Engineers and others Engaged In Mining,. 
Tunnelling, Quarrying, &c. 

By OSCAR GUTTMANN, Assoc. M. Inst. C.K 

Mtmber of the Socteties of Civil Engineers and Architects of Vienna and Budapesi^ 
Corresponding Member of tilt Itnp. Roy. Geological Institution of Austria, Sfc, 

General Contents. — Historical Sketch— Blasting Materials — Blasting Pow- 
der — Various Powder-mixtures — Gun-cotton — Nitro-glycerine and Dynamite — 
Other Nitro-compounds — Sprengel's Liquid (acid) Explosives —Other Means of 
Blasting — Qualities, Dangers, and Handling of Explosives — Choice of Blasting 
Materials — Apparatus for Measui-ing Force — Blasting in Fiery Mines — Means of 
Igniting Charges — Preparation of Blasts — Bore-holes — Machine-drilling — Chamber 
Mines — Charging of Bore-holes — Determination of the Charge — Blasting in Bore- 
holes — Firing — Straw and Fuze Firing — Electrical Firing — Substitutes for Electrical . 
Firing — Results of Working — Various Blasting Operations— Quarrying — Blasting; 
Masonry, Iron and Wooden Structures — Blasting in earth, under water, of ice, &a 

" This ADMIRABLE woi'k." — CoUiery Guardian. 

"Should prove sl vade-mecuin io Mining Engineers and all engaged in practical work,- 
— Iron and Coal Trades Review, 
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6o CHARLES ORIFFIN <fc CO.'S PUBLICATIONS. 

NEW VOLUME OF GRIFFIN'S MINING SERIES. 

Edited by C. LE NEVE FOSTER, D.Sc, F.E.S., 

H.M. Inspector of Mines, Professor of Mining, Royal School of Mines. 



Mine Accounts and Mining Book-keeping, 

A Manual foF the Use of Students, Managers of Metalliferous 

Mines and Collieries, Secretaries of Mining: Companies, 

and others interested in Mining. 

With Numerous Exaiviples taken from the Actual Practice 
OF Leading Mining Coivipanies throughout the world. 

BY 

JAMES GUNSON LAWN, Asaoc.R.S.M., Asaoc.Mem.Inat.C.E., F.G.S., 

Professor of Mining at the South African School of Mines, Capetown, 
Kimherley, and JohanneBburg. 

Ill Large 8vo. Price lOs. Qd. 

GENERAL CONTENTS.— Intpoduction. Parti. Engagement and Payment of 
Workmen — Data DetermiiiiOK Gross Amount due to Workmen— A Leng:th of Time Worked 
—Overtime— B. Amount of Work done— Sinking and Driving— Exploitation— Sliding Scales — 
Modifications- C. Value of Mineral KOtten— Deductions— Pay-Sheets, Due-Bills, and Pay- 
Tickets. Part II- Purchases and Sales— Purchase and Distribution cf Stores — Bool^ and 
Forms Relating thereto— Sales of Product— Methods of Sale — Contract^Tender — Delivery of, 
and Payment for, Mineral— Tin Ore— Coal— Silver Ore— Gold Ore Part III- Working" 
Summaries and Analyses-Summaries of Minerals Raised, Dressed, and Sold; and of 
Labour— Analyses of Coats — Accounts Forwarded to Head OflBce. Part IV. Ledger, Bal- 
ance Sheet, and Company Books — Head OfRce Books — Ledger — Principal Accounts of 
a MinlDf; Company— Capital Account— Sale and Purchase Accounts— Capital Expenditure — 
Personal— Stores— Wages Account — Bad Debts Account— Cash Account— Bills Receivable and 
Payable Account— Discount and Interest Account — Product Account— Working Accounts — 
Profit and Loss Account— Journal— Inventory— Balance Sheet —Bibliography— Redemption of 
Capital— 1. Debentures— 2. Sinking Fund— A.. By Equal Annual Sums— B By Annual Sum 
varying according to a Formula— C. By Annual Sum depending on Mineral worked — 3. En- 
larged Dividends or Bonuses— Depreciation— ReseiTe Fund— Bibliography— General Consider- 
Ations and Companies Books— Private Individuals —Private Partnership Companies- Cost-book 
<lompanieB— Limited Liability Companies— Stocks and Shares— Debentures— Books connected 
with Shares — Miscellaneous Books— Bibliography. Part V. Reports and Statistics — 
'Inspections of Workings and Machinery— A. Colliery Reports, Ac— Inspections— Report Books 
—Measurement of Ventilating Current— Permits to fire Shots and carry Safety Lamp Key— 
B. Ore Mine Reports. &:c— C. Miscellaneous Reports, &c.— Reports of Mining Companies— 
managers' Reports— Diagrams— Tabular Statements — Reports of Directors— Reports of Cost- 
book Mines— Mining Statistics— Great Britain— Other Countries— Bibliography, 
I4"lt seems impossiblk to suggest how Mr. Lawn's book could be made more complete or 
more VALUABLE, careful, and exhaustive.''— .^ct-oim^aH^s' Magasive. 

'*Mh. Lawn's book should be found of gkicat use by Mink Secretaries and Mine 
Hanagebs. It consists of five Parts. Part 1 is devoted to the engagement and payment of 
workmen, and contains forms of contracts and pay sheets of various descriptions in use by 
Mining Companies in England and South Africa. Special reference is made to pay sheets and 
-forms employed by the Db Beers Consolidated Mikes, to the General Manager and the late 
Secretary of which Company the autlior is indebted for the particulars given. Part 2 is taken 
np by a description of books and forms relating to the purcttases of Stores, ibe., and tOBiileaof 
the Products of the mines. Part 3 is the most important section of the book, containing in- 
etrnctlve details of the manner of obtaining summaries of Working Expenditure and Analyses 
of Costs. The forms used in this connection by the De Beers Company are shown in extenso. 
Part 4 consists of the Bookkeeping, properly so-called, of a mining company. All details 
concerning the ledger, journal, and other books, and the principal working accounts of a mine 
.are given. There are some very interesting formulse in this section, showing the manner in 
'Wbidi the CAPITAL of a company should be ukdhkukd and repaid to its Shareholders. 
.According to this manual there are three ways In which this extremely desirable end may be 
arrived at. . . . The book is published at half a guinea, a price low enough considering 
■the amount of information and instruction set forth.'"— Johanjiesbui-g Star. 
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Tbibd Edition. With Folding Plates and Manf niiutrationg. 
Large 8vo. Handsome Cloth. 36s. 

ELEMENTS OP 

Metallurgy: 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 
FROM THEIR ORES. 

BY 

J. ARTHUR PHILLIPS, M.Inst.O.E., F.C.S., F.G.S., &c. 

AND 

H. BAUERMAN, V.P.G.S. 





GENERAL CONTENTS. 




Befraotory Materials. 


Antimony. 


Iron. 


Pire-Olays. 




Araenio. 


Cobalt 


Fuels, &c. 




Zinc. 


Nickel 


AlumiBiiim. 




Mercury. 


SUver. 


Copper. 




Bismuth. 


Gold. 


Ti£. 




Lead. 





*,* Many notable additions, dealing with new Processes and Derelopmentai, 
will be found in the Third Edition. 

" Of the Thikd Edition, we are still able to say that, as •>, Test-book of 
Metallurgy, it is THE best with which we are acQuainted." — Enginar. 

" The value of this work is almost inestimahlt. There can be no question 
that the amount of time and labour bestowed on it is enormous. . . . Ther» 
is certainly no Metallurgical Treatise in the language calculated to prove of 
ouch general ■a.^Slty."— Mining Journal. 

" In this most useful and handsome volume is condensed a large amount of 
Taluable practical knowledge. A careful study of the first division of the book, 
on Fuels, will be found to be of great value to every one in training for th» 
practical applications of our scientific knowledge to any of our metallurgical 
operations." — AtheruEum. 

" A work which is equally valuable to the Student as a Text-book, and to the 
practical Smelter as a Standard Work of Reference. . . . The Illustratiomi 
•re admirable examples of Wood Engraving."— C&emicoZ News. 
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fa OHARLBa aaiwnni * oo:b publioationb. 



(Griffin's S^ttaltegrral %mts. 



STANDARD WORKS OF REFERENCE 

FOR 

Metallurgists, Mine-Owners, Assayers, Manufacturers, 

and all interested in the development of 

the Metallurgical Industries. 

EDITED BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L, F.R.S., 

CHEMIST AND ASSAYER TO THE ROYAL MINT; PROFESSOR OF METALLURGY IM 
THE ROYAL COLLEGE OF SCIENCE. 

In Large Svtr, Handsome Cloth. With lUustraiions. 



1. INTRODTJCTION to the STUDY of METALLUB&Y. 

By the Editor. Fourth Edition. 155. (Seep. 63.) 

2. GOIjI) (The Metallurgy of). By Thos. Kirke Rose, 

D.Sc, Assoc. R.S.M., F.I.C., of the Royal Mint. Third Edition, 
2 IS. (See p. 64.) 

3. IRON (The Metallurgy of). By Thos. Turner, 

Assoc. R.S.M., F.I.C., F.CS. i6s. (Seep. 65.) 



Will be Published at Short Intervals. 

4. STEEL (The MetaUurgy of). By F. W. Harbord, 

Assoc. R.S.M., F.I.C. 

6. LEAD AND SILVER (The MetaUurgy of). By H. F. 

Collins, Assoc.R.S.M., M.InstM.M. Part I., Lead; Part II., 
Silver. 

6. METALLITRaiCAL MACHINERY: the Application of 

Engineering to Metallurgical Problems. By Henb Y Charles Jenkins, 
Wh.Sc, Assoc.R.S.M., Assoc. M. Inst. C.E., of the Royal College <»J 
Science. 

7. ALLOYS. By the Editor. 

*,* Other Volumes in Preparation, 
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METALLURGICAL WORKS. 



GHIPPIN'S METALLURGICAL SERIES. 



Fourth Edii'IOn, Revised and Enlarged. Price 15s. 

AN INTRODUCTION TO THE STUDY 

OF 

METALLURGY. 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B, D.C.L., F.R.S., 

Associate of the Royal School of Mines : Chemist and Assayer of the Royal 
Mint; Professor of Metallurgy in the Royal College of Science. 

In Large 8vo, with numerous Illustrations and Micro-Photographic Plates 
of different varieties of Steel. 



GENERAL CONTENTS 
The Relation of Metallnrgy to Chem- Furnaces. 

istry. I Means of Supplying Air to Fur- 

Physical Properties of Metals. ' naces. 

Alloys. Thermo-ChemistTy. 

The Thermal Treatment of Metals. 
Fuel and Thermal Measurements. 
Materials and Products of Metallur 

gical Processes 



Typical Metallurgical Processes. 
The Micro-Structure of Metals and. 

Alloys. 
Economic Considerations. 



" No English text-book at all approaches this in the completeness with 
which the most modern views on the subject are dealt with. Professor Austen's 
volume will be iNVALtJABLE, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News. 

" Invaluable to the student. . . . Rich in matter not to be readily foundi 
elsewhere. " — Athenavm. 

" This volume amply realises the expectations formed as to the result of the 
labours of so eminent an authority. It is remarkable for its originality of con- 
ception and for the large amount of information which it contains. . . . We- 
recommend every one who desires information not only to consult, but to study 
this work." — Engineering. 

" Will at once take front rank as a text-book." — Science and Art. 

" Prof. Roberts-Austen's book marks an epoch in the history of the teaching 
of metallurgy in this country," — Industries. 
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GRIFFIN'S METAIiIitrBGICAL SERIES, 

Third Edition. Revised and Enlarged. Handsome Cloth. 21s. 

THE METALLHRfiY OF GOLD. 



T. KIRKE ROSE, D.ScLond., Assoc.R.S.M., 

AseUtant Aaaayer of the Royal Mint. 

Hevised and partly Re-written. Including the most recent Improve- 
ments in the Cyanide Process. With Frontispiece 
and numerous Illustrations. 



GENERAL CONTENTS. 



The Properties of Gold and its Alloys. 
^Chemistry of the Compounds of Gold. 
Mode of Occurrence and Distribution 
of Gold. 



Chlorination : The Preparation of Ore 

for Treatment. 
Chlorination: The Vat Process. 
Chlorination: The Barrel Process. 



Placer Mining. j Chlorination Practice in particular 



Shallow Deposits. 

Seep Placer Mining. 

-Quartz Crushing in the Stamp Battery. 



MUls. 
The Cyanide Process. 
Chemistry of the Cyanide Process. 



Amalgamation in the Stamp Battery. Fyritic Smelting. 
Other Forms of Crashing and Amal- i The Sefining and Parting of Gold 
gamatlng Machinery. ' Bullion. 



Concentration in Stamp Mills. 
Stamp Battery Practice in particular 
Localities. 



The Assay of Gold Ores. 
The Assay of Gold Bullion. 
Economic Considerations. 



Bibliography. 

" A coMPBEHiiNSlVE pttACTlcAL THEATisK ofl this important subject" — The Times. 

''The MOST coMi'LETii description of the chlorination PitocEss which has yet been pub- 
lished. "—Jfmin^ Journal. 

*' Br. Rose gained hlR experience in the Western State;* of America, but he has secojed 
details of gold-working from all pabts of the world, and these shonld be of okkat bbstiok 
to practical men. . . . The four chapters on Chlorination, written from the point of view 
alike of the practical man and the chemist, teeu with conbidebations hitherto mmoo»- 
»isKD, and constitute an addition to the literature of Metallurgy, which will proTO to be af 
cUssioal value." — Nature. 

"Adapted for all who are Interested In the Gold Mining Industry,, being free from tech- 
nicalities as far as possible, but Is more particularly of yalao to those engaged in the 
industry — viz., mlll-niauagerB, reductlon-ofQoers, &c." — Cape Times. 
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GRIPPIN'S METALLITBGICAIi SERIES. 



THE METALLDRGY OF IRON. 

By THOMAS TURNER Assoc.RS.M., F.I.C., 

Director of Technical Instruction to the Staffordahire County Council. 

In Large 8vo, Handsome Cloth, With Numeroos Illustrations 
(many prom Photooraphs). Price IBs. 



Oeneral Con«en<«.— Early Hiatory of Iron.— Modern History of Iron.— The Age of SteeL 
—Chief Iron Ores.- Preparation of Iron Ores.— The Blast Furnace.— The Air used in the 
Blast Furnace.— Beactioris of the Blast Furnace.— The Fuel used in the Blast Furnace.— 
Slags and Fuxcs of Iron Smelting.— Properties of Cast Iron.— Foundry Practice.— Wrought 
Iron.— Indirect Production of Wrought Iron.— The Fuddling Froceis.— Further Treatment 
of Wrought Iron. - Corrosion of Iron and Steel, 

" A MOST TALUABLB SUMMARY of knowledge relating to every method and atage 
in the mantifactnre of cast and wrought iron . . . rich in chemicid details. . . . 
ExHAUSTiVH, and thoroughly vt-to-vatk."— Bulletin of the American Iron 
and Steel Aisociation. 

" This is A DRLiOHTFUL book, giving, as it does, reliable information on a subject 
becoming every day more elaborate. " — Colliery Guardian. 

"A thoeouqhly USEFUL BOOK, wMch brings the subject up to date. Of 
GREAT VALUE to those engaged in the iron industry." — Mining Journal, 



in preparation. 
Companion- Volume on 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.I.C. 



Ready Slwrtly, Important New Work. 

THE METALLURGY OF LEAD AND SILVER. 

By H. F. COLLINS, Assoc.E.S.M., M.Inst.M.M. 
In Two Volumes, Each complete in Itself. 

Part I.— 1-. E A U. 

A Complete and Exhaustive Treatise on 
THE MANUFACTURE OF LEAD, 

WITH SECTIONS ON 

SMELTING AND D E SIL V E R IS ATION, 

And Chapters on the Assay and Analysis of the Materials Involved. 

To be followed by the Companion-Volume (Part II.) on SILVER. 
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ASSAYING (A Text-Book of): 

For the use of Students, Mine Managers, Assayers, de. 
By J. J. BERINGER, F.I.C., F.C.S., 

Public Analyst for, and lecturer to the Mining Association of, Cornwall. 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, Londoa, 

Wkh numerous Tsibles and Illustrations. Crown. 8to. Cloth, 10/& 
Fifth Edition; Revised. 

Gbnbral Contents. — Part I. — Introductory; Manipulation: Sampling; 
Drying ; Calculation of Results— Laboratory-books and Reports. Methods : Dry Gran- 
■letnc ; Wet Gravimetric— Volumetric Assays : Titrometric, Colorimetric, Gasometric— - 
Wciglung and Measuring — Reagents — Formulas, Equations, &c. — Specific Gravity. 

Part H. — Metals : Detection and Assay of Silver, Gold, Platinum, Mercury, Coppev, 
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungstea, 
Titanium, Manganese, Chromium, &c. — Earths, AUcalies. 

Part III. — Non-Metaus : Oxygen and Oxides; The Halogens— Sulphur and SvA- 
phates — Arsenic, Phosphorus, Nitrogen — Silicon, Carbon, Boron — Useful Tables, 

"A KBALLV meritorious WORK, that may be safely depended upon either for systematic 
m§¥mcdoa or for reference." — Nature. 

"This work is one of the best of its kind. . . . Contains all the information that 
the Assayer will find necessary m the examination af minerals. "^.£y^f>vrr. 



Handaome Cloth, With Numerous Illustrations. 6.s. 

ELEMENTARY METALLURGY 

(A TEXT-BOOK OF). 

Including the Author's Practical Laboratory Course, 

By a. HUMBOLDT SEXTON, F.I.C., F.C.S., 

Professor of Metallurgj in the Glasgow and West of Scotland Technical College. 

GENERAL CONTENTS.— Introduction— Properties of the SI etals— Combustion 
— Fuels — Refractory Materials — Furnaces— Occurrence of the Metals in Nature — Fre- 
paration of the Ore for the Smelter — Metallurgical Processes — Iron : Preparation of 
Pig Iron— Malleable Iron — Steel — Mild Steel — Copper — Lead — Zinc and Tin — SiWer 
— Gold^Mercury — Alloys-r-Applications of Electricity to Metallurgy — Labora- 
tory Course with Numerous Practical Exercises. 

" Just the kind of worlc for Students commkncinq the study of Metal- 
lurgy, or for Engiskerino Students requiring a geheral knowledge of it, or 
for Engineers in practice who like a handy work of reference. To all three 
clasies we heartily commend the work. " — Practical Engineer. 

" Excellently got-up and well-arranged. . . . Iron and copper well 
explained by excellent diagrams showing the stages of the process from start to 
finish. . . . The most novel chapter is that on the many changes wrought 
in Metallurgical Methods by Electricity."— CAemicai Trade Journal. 

" Possesses the grbat advantage of giving a Coursu of Practical Work." 
— Mining Journal. 



LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



ELEOTROMETALLURGT. 67 

In large 8vo. With Numerous Illustrations and Three Folding-Plates. 

Price 2l8. 

ELEOTEIO S1ELTII& & EEHHIfr: 

A Practical Manual of the Extraction and Treatment 

of Metals by Electrical Methods. 

Being the " Elbktbo-Metalldrgie " of Dk. W. BORCHERS. 

Translated from the Second Edition by WALTER G. MoMILLAN, 

F.I.C, F.C.S., 

Sec etary to the InglUution iif Electrical Enijineeig ; late Lecturer in Metallurgy 

at Masoii College, Birmin !/ia)n. 



CONTENTS. 
Paet I. — Alkalies and Alkaline Eakth Metals : Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II. —The Earth Metals: Aluminium, Cerium, Lanthanum, 
Didyminm. 

Part III.— Tiik Heavy Metals : Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tiii, Lead, Bismiith, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

" Compeehknsim: and authoritativk . . . not only full of valcablk infor- 
mation, but give< evidence of a THOKOuan insight into tlie teciinioal valde and 
POSSIBILITIES of all tlie methods discussed."— r/ie Electrician. 

" Dr. BOBOBEliS' well-known work . . . must op NKOESSITr BE ACQUIRED by 

every one interested in the subject. Excellently put into English with additional 
matter by Mr. McMillan."— iVado'c. 
" Will be of OREAT SERVICE to the practical man and the Student."— iftecfrfc Smelling. 



la Large 8vo. Handsome Cloth. Price 4s. 
'F.A.BLES FOR 

QUANTITATIVE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 

1!y ,J. J.IMES MORGAN, F.O.S., 

Member Soc. Chom. ladusti-y, Member Cleveland Institute of Engineers. 

Summary of Contents. — Iron Ores.— Steel.— Limestone, &c. — Boiler In- 
crustations, Clays, and Fire-bricks.— Blast Furnace Slag, &c. — Coal, Coke, 
and Patent Fuel. — Water. — Gases. — Copper. —Zinc. — Lead. — Alloys, — White 
Lead. — Atomic Weights. — Factors.— Reagents, &;c. 

***■ The above work contains several novel featltirs, notably the eitenaion, to quanti- 
tative analyais, of the principlks of 'Qkoup' SErARAiioss, hitherti chiefly confined to 
Quilitative work, and will be found to facilitati; grkatly the ojenitions of Ciikmihts, 
AssAYifTt'^, and otherp. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



68 CHARLES ORIFFIN A OO.'S PUBLIOATIONB. 

Second Edition at Press. 

ELECTRO-METALLURGY 

(A TREATISE ON): 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Surfaces and Art-Work, &c. 

BY 

WALTER G. McMillan, f.lc, f.c.s. 

With numerous Illustrations. Large Crown 8vo. Cloth. 

" This excellent treatise, . . . one of the best and MOST complete 
manuals hitherto published on Electro-Metallurgy."— AVecfricoZ Seview. 

" This work will be a stakdakd." — Jeweller, 

"Any metallurgical process which keditces the cost of production 
must of necessity prove of great commercial importance. . . . We 
recommend this manual to all who are interested in the pkactical 
APPLICATION of electrolytic processes. " — Nature. 



Large Crown 8vo. Cloth, 8s. 6d. 

The Art of the Goldsmith and Jeweller 

A Manual on the Manipulation of Gold in the Various 

Processes of Goldsmith's Work, and the Manu- 

faetupe of Personal Ornaments. For 

Students and Practical Men. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversinitlis' Association Technical 
School, Binningham. 

ASSISTED BY 

J. H. STAKSBIE, B.Sc. (Lond.), F.LC, 

Lecturer at the Birmingham Municipal Technical School. 

In Large Crown 8vo. With Numerous IlluHtrations. 

Qffneral Co7t(en(.s.— Introduction.— The Ancient Goldsmith's Art. — The Metallurgy of Gold. 
—Prices of Gold, Silver, &c —Preparation of Alloys —Melting of Gold.— Rolling and Slitting of 
Gold.— The Workshop and Tools.— Filigree Wire Drnwiag.— Manufacture of Personal Ornaments. 
—Finger Rings.— Mounting and Setting.— Mayoral Chains wnd Civic Insignia.- Antique Jewel- 
lery and its Revival.— Etruscan Work.— Manufacture of Gold Chains.— Pbecioob Stokes.— 
Cutting Diamonds and other Precious Gems.— Polishing and Finishing.— Chasing, Embossing, 
and Bepoussd Work.— The Colouring and Finishing of Articles of Jewellery.— iinamelhng: its 
History, ProceBHCs, and Applicability —Heraldic Distinctions and Armorial Bearings.- Engraving: 
its Origin, History, and Processes.— Moulding and Casting of Ornaments, &c.— Fluxes, Ac- 
Recovery of the Precious Metals from the Waste Pr<>ducts.— Refining Scniel and Assaying Semel 
Bars.— Gilding and Electro Deposition.— If all-Marking Gold and Silver Plate— Miscellaneous 
Useful Information.— Appendix : Technological Examinations. 
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INORGANIC CHEMISTRY 

(A SHORT MANUAL OF). 



A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.C., F.C.S., 

Of the Westminster Hospital Medical SchooL 

Second Edition, Revised. Crown 8vo. Cloth, 7s. 6d. 

"A well-written, clear and accurate Elementanr Manual of Inoiganic Chemutry. . . . 
We agree heartily with the system adopted by Drs. Dupr6 and Hake- Will uaks Experi- 

WBNTAL Work trebly interesting because INTKLLIGIBLE."— ^a/wr<£ay ^tfVipOT. 

"There is no question that, given the perfect grounding of the Student in his Sdencc, 
ehe remaisder comes afterwards to him in a manner much more simple and easily acquired. 
The work is an example op the advantages of the Systematic Treatment of a 
Science over the fragmentary style so generally followed. Bv A long way the best of th* 
iinall Manuals for Student*." — Analyst, 



LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 

Professor of Metallurgy iu the Grlasgow and Wast of Scotland Technical College. 



Sexton's (Prof.) Outlines of Quantitative Analysis. 

FOR THE USE OF STUDBNTS. 

With Illustrations. Fourth Edition. Crown 8vo, Cloth, Ss. 

" A COMPACT LABOEATOKT GUIDE for begioDers was wanted, and the want has 
fceen WELL, SUPPLISD. . . . A good and usefal book." — Lmicet. 



Sexton's (Prof.) Outlines of Qualitative Analysis. 

FOR TEE USE OF STUDElfTS. 

With Illustrations. Thikd Edition. Crown 8vo, Cloth, 3s. 6d. 

■" The work of a thoronghly practical chemist." — British Medical Journal. 
" Compiled with great care, and will supply a want." — Journal of Education. 



Sexton's (Prof.) Elementary Metallurgy: 

Including the Author's Practical Laboratory Course. With many 

Illustrations, 6s. [See p. 66. 

" Just the kind of work for students commencing the study of metallnrgy." — 
Practical Ungineer. 
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CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.I.C, F.C.S., ABSoo.Inst.C.E., F.I.C., F.C.S., 

Consulting Ohemist to the Orowu Agents for Consultingr Chemist, Head of the Obemlstry 

the Colonies. Department, Ooldsmiths' Inst., 

New Cross. 

With Illuatrationa. la Two Vols., Large 8vo. Sold Separately. 



"The authors have succbeded beyond all expectations, and have produced a work which 
should give pebsh powkr to the Engineer and Manufacturer."— rA< Times. 



CHEMISTRY OF ENGINEERING, BUILDING, AND 

METALLURGY. 

General Co»«ento.— INTRODUCTION— Chemistry of the Chief Materials 
of Construction— Sources of Energy— Chemistry of Steam-raising — CliemiB- 
try of Lulirication and Lubricants— Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

"Practical THUouaHoUT . . an admibablb text-book, useful not only to Students, 

but to BSOIHEBBS and ManAQKBS Ot WOEKS in PBBVaSTINO WA8TB and IMPEOVISO FEOCESSeS. — 

Scotsman. 

" Emimbktlt PEACTIOAL."— ffiasffOMJ fferald. 

" A booJc worthy of high rank its merit Is great . . . treatment of the subject 

tif 0A3E0U3 POBL particularly good. . . . Water oas and the production clearly worked out. 
, . . Altogether a most creditable production. We varmlt ebcommbhd it, and look forward 
vvitli keen Interest to the appearance of Vol. 11."— Journal o/Oas lAghlinq. 

irOZ^XJIVIE: XX. X>x>ioe> 16s. 

THE CHEMISTRY OF MANUFACTURING 

PROCESSES. 

Oeneral Contents. —Sulphuric Acid Manufacture— Manufacture of Alkali, 
asc— Destructive Distillation -Artificial Manure Manufacture— Petroleum 
—Lime and Cement— Clay Industries and Glass— Sugar and starch— Brewing 
and Distilling— Oils, Resins, and Varnishes— Soap and Candles— Textiles 
and Bleaching — Colouring Matters, Dyeing, and Printing — Paper and 
Pasteboard— Pigments and Paints— Leather, Glue, and Size— Explosives 
and Matches — Minor Chemical Manufactures. 

" Certainly a good and uSErcL book, constituting a peactical gdide for stodents by 
atrording a clear conception of the numerous processes as a whole."— Chemical Tradt 
Journal. 

"We CONFIUENTLT RBGOUUEND this volume as a PEACTICAL, and not overloaded, 
TEXT-BOOK, of GREAT VALUE to Students." — The Builder. 
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J» CHARLBB ORIFPIN <t OO.'B PUBLIC ATIOKB. 

WORKS BY A. WYNTER BLYTH, M.R.C.S., F.C.S., 

B«n1it«r-at-Iiair, Fablio AnaljBt for the County of Devon, and Hedical Officer of Health foi 

St. Uarylebone. 

FOODS? 

THEIR COMPOSITION AND ANALYSIS. 

In Demy 8vo, with Elaborate Tables, Diagrams, and Plates. Handsom* 
Cloth. FouBTH Edition. Price 21s. 

GENERAL CONTENTS. 
History of Adulteration — Legislation, Past and Present — Apparatu* 
nsefnl to the Food-Analyst — "Ash" — Sugar — Confectionery — Honey — 
Treacle — Jams and Preserved Fruits — Starches — Wheaten-Flour — Bread' 
— Oats — Barley — Rye— Rice — Maize — Millet — Potato — Peas — Chinese 
Peas — Lentils — Beans — Milk — Cream — Butter — Oleo-Margarine — 
Bntterine — Cheese — Lard — Tea — Coffee — Cocoa and Chocolate — Alcohol — 
Brandy — Rum — Whisky — Gin — Arrack — Liqueurs — Absinthe — Principles. 
of Fermentation — Yeast — Beer — Wine — Vinegar — ^ Lemon and Lima 
Jnice — Mustard — Pepper — Sweet and Bitter Almond — Annatto — Olive 
Oil — Water — Standard Solutions and Reagents. Aypendix : Text of 
English and American Adulteration Acts. 

PRESS NOTICES OF THE FOURTH EDITION. 

** Simply INDISPENSABLE in the Analyst's laboratory."— rAe Lancet. 

"The Stasdabd woke on the Bubject. . . . Every cbaptor and every page givaa 
abundant proof of the strict revision to -which the work has been subjected. . . . Th« 
seotiOQ on Milk is, we believe, the most exhaustive Btndy of the subject extant. . . . Ajl 
htdispekbablb hasuax for Analysts and Medical Officers of Health." — PublicHeaWi. 

*' A new edition of Mr. "Wynter Blyth's Standard work, ensicbed with all the Kxcim 
DlfiCOVEniEB AND luFROVEUBKTS, will he accepted as a boon." — Chemical Netes. 



POISONS; 

THEIR EFFECTS AND DETECTION. 

Thisd Editioit. In Large 8vo, Cloth, with Tables and Blustrationa. 
Price 21s. 

GENERAL CONTENTS. 
I. — Historical Introduction. II. — Classification — Statistics— ConnectioB. 
between Toxic Action and Chemical Composition — Life Tests — General* 
Method of Procedure — The Spectroscope — Examination of Blood and Blood 
Stains. Ill, — Poisonous Gases. IV. — Acids and Alkalies. V. — Mora- 
or less Volatile Poisonous Substances. VI. — Alkaloids and Poisonov» 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Substances. VIII. — The Oxalic Acid Group. IX.— Inorganic Poisons, 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

" Undoubtedly the most complete woek on Toxicology in our language."— rA« Analtitt (o» 
A< Third Xdition). 

" As a PEACTioAL GUIDE, we know NO BETTER work."— Tft* Lancet (on the Third Edition). 
\* In the Third Edition, Enlarged and partly Re-written, New Analytical Methods baT» 
been introduced, and the Cadaveric Alkaloids, or Ptomaines, bodies playing so great a part In 
Vood-poisoning and in the Manifestations of Disease, have received special attention. 
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SECdND EDITION. Crown 8vo, Handsome Cloth, lis. 

Photography: 

ITS HISTORY, PROCESSES, APPARATUS, AND MATERIALS. 

-A. lE'ie.A.OTICA.Xi 3VC-A.3r"Crj^X.. 

Comprising Working Details of all the More 
Important Methods. 



A. BROTHERS, F.R.A.S. 

WITH NUMEROUS FULL PAGE PLATES BY MANY OP THE PRO- 
CESSES DESCRIBED. AND ILLUSTRATIONS IN THE TEXT. 



GENERAL CONTENTS. 



Part III.— Apparatus. 

Part IV.— Materials. 

Part V. — Applications of Photo- 
graphy ; Practical Hints. 



Part. I.— Introductory : His- 
torical Sketch; Chemistry and 
Optics of Photography; .Arti- 
ficial Light. 

Part II. — Photographic Pro- 
cesses. 

" Mr. Brothers has had an experience in Photography so large and varied that any work 
by him cannot fail to be interesting and valuable- ... A most couprbhensive volunc, 
entering with full details into the various processes, and vekv fully illustrated. The 
PRACTICAL HINTS are of GREAT VALUE. . . . Admirably ^ot up." — Brit. Jour, of Phaiegrapl^. 

*' For the illustrations alone, the book is most interesting ; but, apart from these, the 
volume is valuable, brightly and pleasantly written, and MOST admirably ARRANGm>."— 
Pket9ffrafiki£ News. 

" Certainly the finest illustrated handbook to Photography which has ever been 
published. Should be on the reference shelves of every Photographic Society." — Amailtur 
PlutograpJur. 

" A handbook so far in advance of most others, that the Photographer must not fail 
to obtain a copy as a reference work." — Photographic Work. 

"The courLSTEST handbook of the art which has yet been published." — Scotsman. 

"A Standard Work on Photography brought quite ui' to date." — Pliotograpky, 



*.,* This Edition includes all the Newer Developments in Photographic 
Methods, together with Special Articles on Radiography (the X Rays), 
Colour Photography, and many New Plates. 
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Second Edition, Revised and Enlarged, with New Section 
on Acetylene. 

With Numerous Illustrations. Handsome Cloth. 10«. 6c?. 

GAS MANUFACTURE 

(THE CHEMISTRY OF). 
A Hand-Book on the Production, Purification, and Testing 
of Illuminating Gas, and the Assay of the Bye- 
Products of Gas Manufacture. For the 
Use of Students. 

BY 

W. J. ATKINSON BUTTERFIELD, M.A., RLC, F.C.S., 

Formerly Head Chemist, Gas Works, Beckton, London, E. 

" The BEST WORK of its kind which we have ever had the pleasure of re- 
viewing. The new Edition is well deserving a jjlace in every Engineering 
Library." — Journal of Gas lAghtiny. 

Amongst works not written in German, we recommend before all others, 
Buttebpield's Chemistry of Gas MANtrPAOTtrRE." — Chemiher Zeitung. 

GENERAL CONTENTS. 

I. Raw Materials for G-as VI. Pinal Details of Manu- 

Manufacture. I facture. 

II. Coal Gas. ' VII; Gas Analysis. 

III, Carburetted Water Gas. VIII. Photometry. 

IV. Oil Gas. IX. Applications of Gas. 
V. Enriching by Light Oils. X. Bye-Products. 

XI. Acetylene. 



*»* This work deals primarily with the ordinary processes of Gas Mandfacture 
employed in this country, and aims especially at indicating the principles on which 
they are hased. The more modem, but as yet subsidiary, processes are fully treated also. 

The Chapters on Gas Analysis and Photometry will enable the consumer to 
grasp the methods by which the quality of the gas hp uses is ascertained, and in the 
Chapter on The Applications of Gas, not only is it discussed as an illuminaut, but 
also as a ready source of heat and power. 

The Incandescent Gas Light is dealt with in an exhaustive manner, and the 
latest-theories of its physical basis, as well as the practical developments of lighting 
by Incandescence, are thoroughly discussed. 

In Chapter X. an attempt has been made to trace in a readily-intelligible manner 
the extraction of the principal derivatives from the crude Bye-products. 

The work deals incidentally with the most modem features of the industry, in- 
cluding inter alia the commercial production and uses of Acetylene, to which a 
special Chapter is devoted in the new Edition, and the application of compressed gas 
for Street Traction. The needs of the Students in Technical Colleges and Classes have 
throughout been kept in view, 
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CASTELL-EVANS (Prof. J., F.I.C., F.C.S., 

Ii'insbury Technical College) : 

TABLKS AND DATA for the use of ANALYSTS, CHEMICAL 
MANUFACTURERS, and SCIENTIFIC CHEMISTS. In Large 
8vo. Strongly Bound. [Shortly. 

•*• This important Work will comprehend as far as possible all rules and tables 
required by the Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c. ; and 
also the principal data m Tiibrmo-Chemi!.try, Electko-Ch6Mistrv, and the various 
branches of Chemical Physics which are constantly required by the Student and Worker in 
Original Research. 

Every possible care has been taken to ensure perfect accuracy, and to include the results 
of the most recent investigations. ^ 



ELBORNE (Wm., B.A., F.L.S., F.C.S.) : 

TRACTICAL PHARMACY. (See p. xod Gmeral Catalogue.) 



GRIFFIN (John Joseph, F.C.S.) : 

CHEMICAL RECREATIONS; A Popular Manual of Experimental 
Chemistry. With 540 Engravings of Apparatus. Tenth Edition, Crowa 
Svo. Cloth. Parts I. and II., complete in one volume, 12/6. 

Separately — Part I., Elementary, 2/; Part II., The Chemistry of the 
Non-MetalUc Elements, 10/6. 



MUNRO (J. M. H., D.Sc, Professor of Chemistry, 

Downton College of Agriculture): 

AGRICULTURAL CHEMISTRY AND ANALYSIS : A Prac- 
tical Hand-Book for the Use of Agricultural Students. (Griffin's 
Technological Manuals.) In Prefaraiion. 



iniPORTANT NEW WORK. NEARLY READY. 

DAIRY CHEMISTRY: 

A PRACTICAL HANDBOOK FOR 

DAIRY MANAGERS, CHEMISTS, ANALYSTS. 

By H. droop RICHMOND, F.C.S., 

CHEMIST TO THE AYLliSBURY DAIRY COMPANY, 

Co«^CT/j-.— Introductory.— The Constituents of Milk. — Analysis of Milk. — 
Normal Milk, its Adulterations and Alterations and their Detection.— The Chem- 
ical Control of the Dairy. — Biological and Sanitary Matters.— Butter.-Other ■ 
Milk Products. — Milk of Mammals other than the Cow.— Tables.— Appendix, &c. 
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Painters' 
Colours, Oils, & Varnishes: 

A PRACTICAL MANUAIj. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry ; Lecturer on the Technology of Paintert' 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

Skcond Edition, Revised and Enlarged. With Illustrations. 12s. 64. 

General Contents. — Introductory — The Composition, Manufacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black — Lakes — Colour and Paint Machinery — Paint Vehicles 
(Oils, Turpentine, &c., &c.) — Driers — Varnishes. 

"This useful book will prove most valuable." — Chemical News. 

" A practical manual in every respect . . . exceedingly instructive. The 
section on Varnishes is the most reasonable we have met with." — Chetnist and Druggist. 

" Vhrv valuable information is given." — Plumber and Decorator. 

" A THOROUGHLY PRACTICAL book, . . . the ONLY English work that satisfactorilv 
treats of the manufacture of oils, colours, and pigments." — Chemicai Trades' journal. 

** Throughout the work are scattered hints which are ikvalvabi.b."— -Invention. 



In Crown 8vo, Extra. With Illustrations. 8s. 6d, 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 

Wm^li Sonne ^G-nn.st,x*Tx^ u^om CeKir&exs.t: ^esi:5.vl.^. 

BY 

GILBERT R. REDGRAVE, Assoc. Inst. C.E. 



General Contenjs. — Introduction — Historical Review of the Cement 
Industry — The Early Days of Portland Cement — Composition of Portland 
Cement — Processes of Manufacture — The Washmill and the Backs — 
Flue and Chamber Drying Processes — Calcination of the Cement Mixture — 
Grinding of the Cement — Composition of Mortar and Concrete — Cement 
Testing — Chemical Analysis of Portland Cement, Lime, and Raw 
Materials — Employtnent of Slags for Cement Making — Scott's Cement, 
Selenitic Cement, %nd Cements produced from Sewage Sludge and the 
Refuse from Alkali Works — Plaster Cements — Specifications for Portland 
Cement — Appendices (Gases Evolved from Cement Works, Effects of Sea- 
water on Cement, Cost of Cement Manufacture, &c., &c.) 

" A work calculated to be of grbat and bxteni>iid ctilitt." — Chemical News. 

'* llffVALUABLii: to the Student, Arphitect, and Kn^neer." —Building }f€tos. 

'* A work of the grbatest iktbrust and usefulness, which appears at a very critical 
period of the Cement Trade."— 5n7; 7'rade Jotirnal. 

"Will be uaeful to ALL interested in the MAKiJFACTDRB, use, and t'ssting of Cemente."— 
Snginter. .' ■ , 'i: 
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Painting and Decorating: 

A Complete Practical Manual for House 
Painters and Decorators. 

Embracmg^ the XTse of Materials, TooIb, and Appliances; the 

Practical Processes involved ; and the General Principles 

of Decoration, Colour, and Ornament. 



WALTER JOHN PEARCE, 

LflCTQBEa AT TQK MANOHESXEK TECHNICAL BOHOOL FOB HODSB-FAINTlITa AND DEOOBATlKa. 

In Crown 8vo. extra. With Numerous Illustrations and Plate* 
(some in Colours), including Original Designs. 12s. 6d. 



GENERAL CONTENTS. 

Introduction — Workshop and Stores — Plant and Appliances — Brashes and 
Tools— Materials : Pigments, Driers, Painters' Oils— Wall Hangings— Paper 
Hanging— Colour Mixmg— Distempering — Plain Painting — Staining— Varnish 
and Varnishing— Imitative Painting — Grraining — Marbling — Gilding— Sign- 
Writing and Lettering — Decoration : General Principles— Decoration, in Dis- 
temper — Painted Decoration — Relievo Decoration — Colour- Measuring and 
Estimating — Coach-Painting — Ship-Painting. 



"A THOROUGHLY USEFUL BOOK . . . gives QOOD, SOUND, PBAOTIOAL 
INPOBMATION in a CLEAR and CONCISE FORM. . . . Can be confidently 
recommended alike to Student and Workman, as well as to those carrying on 
business as House -Painters and Decorators." — Plumber and Decorator. 

" A THOBOU&HLY GOOD AND KELIABLE TEXT-BOOK. . . . So PULL and 
OOMPLBTE that it would be difficult to imagine how anything further could be 
added about the Painter's craft." — Builders' Journal. 



*„*Mr. Pkaece's work is the outcome of many years' practical ex- 
perience, and will be found invaluable by all interested in the subjects 
of which it treats. It forms the Companion- Volume to Mr. Geo. Hurst's 
well-known work on " Painters' Colours " (see p. 76). 
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In Large 8vo. Handsome Cloth. Price 21s. 

BREWING: 

THE PRINCIPLES AND PRACTICE OF. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

BY 

WA.LTEE J. SYKES, M.D., D.P.H., F.I.C., 

EDITOR OF "THE ANALTST."' 

With Plate and Illustrations. 

** A volume of Brewing Science, which has long lieen awaited. . . . We consider it one 
of THE MOST COMPLETE in CONTBHTS and NOVEL IN ARRANGEMENT that has yet been published, 
. . Will command a large sale." — Tlie Breiceris' Journal. 

"The appearance of a work such as this serves to remind us of the enormously rapid 
ADVANCES made in our knowledge of the Scientific Principles underlying the Brewing Processes. 
... Dr. Sykes' work will undoubtedly be of the greatest assistance, not merely to Brewers, 
but to all Ohemists and Biologists interested in the problems which the Fermcntatiou industries 
present."'— rft« Analyst. 

" The publication of Dr. Sykes' masterly treatise on the art of Brewing is quite an event 
in the Brewing World. . . , Deserves our wannest praise. . . A better guide than Dr, 
Sykea could hardly be found." — County Brewers' Gazette, 

GENERAL CONTENTS. 

I. Physical Principles involved In Brewing Operations: Heat: The Ther- 
mometer— rSpeciflc Heat— Latent Heat — Evaporation— Density and Specific Gravity— Hydro- 
meters. Chemistry, with special reference to the materials used in Brewing- 

II. The Microscope : General Description of the— Microscopical Manipulation 
— Examination of Yeast— Haneinfc-Drop Method — Examination of Bacteria — Microscopical 
Freparations- Bacteriological Methods — Bacteriological Examination of Water— Hansen's 
Method— Wichmann's Method- Bacteriological Examination of Air. Vegetable Biology : 
The Living Cell— Oamosis— The Yeasts— The Mycoderms- The Tomlse, «fcc.— The Bacteria- 
Fermentation and Putrefaction— Bacterium termo— Butyric Acid Bacteria, &c.— The Mould 
PunRl— Mucor mucedo, Ac— Simple Multicellular Organisms- Penicillium glancnm, Ae.— 
Mould Fungi Dangerous on Brewing Premises— The Higher Plants— Germination of Barley— 
Stmctare of Barleycorn. Fermentation : Ancient— Views of Llebig on— The Physiological 
Theory— Doctrine of Spontaneous Evolution— Sterilisation of Organic Fluids— Competitiou 
amongst Mlcro-Organisms— Distribution of Atmospheric Genns— Hansen's InyestlgationH 
on the Air of Breweries- Pasteur's Experiments and Theory— Other Theories of Fermentation 
—Investigations of Haneen— Pure Cultures from a Single Cell— Introduction of Pure Yeast 
Cultures into the. Brewery— Han^en'e and other Pure Yeast Cultivation Apparatus— Advan- 
tages of Hansen's Pure Single-Cell Yeast— Diiferences in the Action of the various Yeasts. 

III. Water: Occurrence and Composition of— Results of Analysis of— Hardness- 
Waters Suitable for the Production of Different Classes of Ale— Artificial Treatment of 
Waters— Kainit— Influence of Boiling— Organic Constitution— EtFect of Filtration— Methods 
of Water Analysis- Microscopic Examination of Water Sediments. Barley and Malting : 
Barley— Choice of— Vitality— Age— Malting— Steepings— Steep-Water— Germination of Barley 
—Flooring — Sprlnkllnir — Withering — Pneumatic Malting — Galland's System —Saladin's— 
Hemming's— Drying Kiln— Changes Effected in Drying— Storage— Chemical Examination 
of Barley— Malt Substitutes— Quality of Malt— Chemical Examination of Malt— Ready-formed 
Sugars— Mai tol. Brewery Plant: Gravitation Brewery— Cold and Hot Liquor Backs- 
Malt Mill — Mash Tun, &c.— Coppers— Coolers —Refrigerators— Collecting and Fermenting 
Vessels— Burton Union System— Attemperators— Parachutes— Racking Squares— Vats and 
Casks. Brewing: Estimation of Quantities for the Brew— Amount of Liquor Required- 
Hardening Materials- Mushing— Ufo of Subsidiary Apparatus — Black Beers— Sparging — 
Boiling— Action of Hop-tannin Bodies — Cooling— Refrigerating—Collection of Wort— Extract 
Yielded— Fermentation— Addition of Yeast- Change of Yeast— Fermentation Temperatures— 
Dressing— Appearance of Heads- Cleansing System— Stone Square System- Settling and 
Racking— Dry Hopping— Secondary FermentBtion— Priming- Antiseptics— Fining— Bottled 
Ales and Bottling. Beer and its Diseases : Flavour and Aroma— Condition— Palate 
Fulness— Head— Brightness-Turbidity— Ropiness- Bibliograpliy — Appendices : Solution 
Weight and Solution Factor— Specific Rotatory Power-The Law of Definite Relation- 
Alcoholic Fermentation without Yeai^t-Cells— Fermentation in a Vacuum— Index. 
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In Large 8vo. Handsome Cloth. With numerous Illustrations. 

TECHNICAL MYCOLOGY: 

THE UTILIZATION OF MICRO-ORGANISMS IN THE 

ARTS AND MANUFACTURES. 

A Practical Handbook on Fermentation and Fermentative Pro- 
cesses for the Use of Brewers and Distillers, Analysts, 
Technical and Agricultural Chemists, and all 
interested in the Industries dependent 
on Fermentation. 

By Dr. FEANZ LAFAR, 

Profeaaor of Fermentation -Physiology and .'Bacteriology in the Technical 
High School, Vienna. 

With an Introduction by Dk. EMIL CHR. HANSEN, Principal of th& 
Carlaberg Laboratory, Copenhagen. 

Translated by CHARLES T. C. SALTER. 

In Two Volumes, sold Separately. 



Vol. I. now Ready. Complete in Itself. Price 15s. 



"Tlie first work of the kind -which can lay claim to completeness in the treatment of 
a fascinating Bubjcct. The plan Ib admirable, the clasBiflcatiou simple, the style is goodr 
and the tendency of the whole Tolume is to convey sure information to the reader."— 
Lancet. 

" We cannot sufflciently praise Dr. Lafar's work nor that of hia admirable translator. 
No brewer with a love for his calling can allow such a book to be absent from his library." 
—Brewer's Journal, New York. 

*' We can most cordially recommend Dr. Lafar's volume to the Members of our pro- 
fesaion , . . This treatiBe will supply a wunt felt in many industries. . , . No one 
will fail to observe how well Mr. Salter bas done his work. The publishers have fully- 
maintained their reputation as regards printing, binding, and excellence of paper." — 
Chemical Noes. 

%* The publishers trust that before long they will be able to present English readers- 
with the second ToIume of the above work, arrangements having been concluded whereby^ 
upon its appearance in. Germany the English translation will be at once put in hand. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, ' 
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WORKS BY DR. ALDER WEIGHT, F.B.S. 

Fixed Oils, Fats, ButterSj 
and Waxes: 

THEIR PREPAEATION AND PEOPERTIES, 

AND THE 

MANUFACTURE THEREFROM OF CANDLES, 
SOAPS, AND OTHER PRODUCTS. 

BY 

C. R. ALDER WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chemistry, St. Marv's Hospital Medical School; Examiner in ''Soap" 
to the City and Guilds of London Institute. 

In Large 8vo. Handsome Cloth. With 144 Illustrations. 28s, 

" Dr. Wright's work will be found absolutely indispensable by every Chemist. 
Tkbhs with information valuable alike to the Analyst and the Technical Chemist." — 
The Analyst. 

"Will rank as the Standard English Authority on Oils and Fats for 
years to come." — Indusirits and Iron. 



At PresSy Important New Work. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON' THE 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.C., F.C.S., 

Chemist to the Midlaud Kailway Company, 
AND 

R. MOUNTFORD DEELEY, M.I.M.E., F.G.S., 

Midland Railway Locomotive Department. 
*»* This work will deal in an exhaustive manner with kvjirtthing 
ArEKTAiNiNG TO THE SUBJECT of which it treats. It contains a large amount 
of valuable information respecting the soukoes and pbepaeation op lcbw- 
OANTS, together with OOPIODS directions for their chemical and MBCHANiOAt 
VALUATION, and for the detection of foeeign substances and adulterants 
GBNEKALLT, information which has hitherto only existed in a scattered and 
fragmentary condition in the "Proceedings" and "Transactions" of Learned 
Societies, and is now rendered available for the first time in a systbmatiskd 
and convenient form. 

LONDON : CHARLES GRIFFIM & CO., LIMITED, fXETER STREET, STRAND. 
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§10. THE TEXTILE INDUSTRIES. 



•' The MOST TALDABLS and USEFUL woEK on ]^eing that has yet appeared in the EngUsli 
ungoage . . . likely to be thk Stuidabd Wobk or Bbfekeiice for years to oome."— 
Ttxtile Mercury. 



In Two Large 8vo Volumes, 920 
pp., with a SUPPLEMENTARY 
Volume, containing Specimens 
of Dyed Fabrics. 45s. 




MANUAL OF DYEING: 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 



E. KNECHT, Ph.D., F.I.C., 

Head of tlio Cheiulstry and Dyeing Depurtmetit of 
th« Teohnioal School, Mancheater; Editor of "Th« 
Journal ol the Society of Dyera and ColonriHta ; " 



CHR. RAWSON, F.I.C., F.C.S., 

Late Head of the ChemiBtry and Dyeing Department 
of the Technical College, Bnidford ; Uember oC 
Council of the Society of Dyei« and ColourlAts; 



And RICHARD LOEWENTHAL, Ph.D. 



G'KNBRAL Contents.— Chemical Technology of the Textile Fabrics- 
Water — Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters — Artificial Organic Colouring Matters— Mineral Colours 
— Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, Sec, &c. 

" This MOST VALUABLE WORK . . wiU be widely appreciated."— Cftwntco/ News. 
** This authoritative and exhauBtive worJc . the uobt cosiflbtb we have yet seen 

■on the Buh}QcV— Textile Manufacturer. 

** The MOBT KXHAUSTivK and coMi'LBTfi woEK on the subject ext&nt."— Textile Jteeord§r. 

'* The distinguished authors have placed in the hands of thqse daily engaged in the dye- 
bonse or laboratory a work of extrkmb value and dndoubtbd utilitt . . . appeals 
quickly to the technologist, colour chemist, dyer, and more particularly to the rising dyer 



of the present generation. 
Record. 



A book which it is refreshing to meet with."~^ffi«rKan Textile 
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Gompanion-Volume to Kneoht and 'Rawson's "Dyeing. " 

TEXTILE PRINTING: 

A PRACTICAL MANUAL. 

Including the Processes Used in the Printing of 
COTTON, "WOOLLEN, SILK, and HALF- 
SILK FABRICS. 



C. F. SEYMOUR ROTHWELL, F.C.S., 

Mtm. Soe. of Cliemical Induatria; late Lecturer at the Municipal Technical School, 
Manchetttr. 

In Large 8vo, with Illustrations and Printed Patterns. Price 21s. 



GENERAL CONTENTS. 



Introduction. 

The Machinery Used iu Textile 

Printing. 
Thickeners and Mordants. 
The Printing of Cotton Goods. 
The Steam Style. 
Colours Produced Directly on the 

Fibre. 
Dyed Styles. 



Padding Style. 

Resist and Discharge Styles. 

The Printing of Compound 

Colourings, &c. 
The Printing of Woollen Goods. 
The Printing of Silk Goods. 
Practical Recipes for Printing. 
Appendix. 
Useful Tables. 



Patterns. 



'* Bt far the bbst and mobt practical book on textile rKisTiNQ which lias yet boon 
brought out, and will long remain the Htandard work on the subject. It is essentially 
practical in character." — TexiiJe Mercury. 

" The MOST PKACTicAL MANUAL of TEXTILE PRINTING whlch has yet appeared. We liava 
no hesitation in recommending it" — The Textile Manufacturer. 

'* Unpoubtedly Mr. Kotiiwell's book is the best which has appeared on textilb. 
FBiHxiMG, and worthily forms a Oompanion- Volume to ' A Manual on Dyeing.' "—The Dyer 
and Calico Printer. 
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Large 8vo. Handsome Cloth. 128. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 

Practical Men. 

By GEORGE DUERR, 

Director "'"■"^^"Wng. Dyeing. «.nd Prmtlng Department at the Aoorlngton and B«:up 
leonnlcal Sohoola ; ChemiBt and Colourtat at the Irwell Print Works. 

Assisted by WILLIAM TUKNBULL 

(of Tumbull <fc Stockdale, Limited). 

With Illustrations and upwards of One Hundred Dyed and Printed Patterns 

designed specially to show various Stages of the Processes described. 

GENERAL CONTENTS. -Cotton, Composition' of; Bleaching, New 
Processes ; Pmnting, Hand-Block ; Flat-Press Work ; Machine Printing— 
MoBnANTB-STYLES OF CALloo-PiiiNTlNa : The Dyed or Madder Style, Resist 
i'added btyle. Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
—lannin Matters — Oils, Soaps, Solvents —Organic Acids— Salts— Mineral 
Colours— Coal Tar Colours— Dyeing— Water, Softenmg of— Theory of.'Colours 
— ^Weights and Measures, &o. 

^„!^.'^n™ »■'"*'"■ WAT out of a difficulty Is wanted, It Is m books liks this that It Is found."— 
X txttte Recorder, 

"Mr. Ddbhe's WORK will bo found MOST U8KFOL. . . . The information giTen is of oKBii 
TALDK. . , . The Heciiies arc THOaoDOHLl rKteiiekL."— Textile Manu/actura: 



GARMENT 
DYEING AND GLEANING. 

A Practical Book for Practical Men. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 
With Numerous Illustrations. 4s. 6d. 

Genekal Contents,— Technology of the Textile Fibres— Garment Cleaning 
— Dyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics — 
Scouring and Dyeing of Skin Rugs and Mats— Cleaning and Dyeing of Feathers- 
Glove Cleaning and Dyeing — Straw Bleaching and Dyeing — Glossary of Drugs 
and Chemicals — Useful Tables. 

" Ah up-to-date hand book has long been wanted, and Mr. Hurst has done nothing 
more complete than this. An important work, tie more so that several of the branches of 
t^e craft here treated upon are almost entirely without English Manuals for the guidance 
of workers. The price brings it wilhia the reach oiaXV—Dyer and Calico- Printer . 

*' Mr, Hurst's work decidedly fills a want . . ought to be in the hands of 
EVERY garment ijver and cleaner in the Kingdom" — Textile Mercury, 
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84 CHARLES QBIFFm,* CO.'S PUBLICATIONS. 

Sixteenth Annual Issue. Handsome cloth, 7s. 6d, 
THE OFFICIAL YEAR-BOOK 

or THE 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 

AND IRELAND. 

COMPILED FBOU OFFICIAL SOUKCES. 

Comprising {together with other Official Information) LISTS of the 

PAPERS read during 1898 before all the LEADING SOCIETIES throughout 

the Kingdom engaged in the following Departments of Research : — 



f I. Science Generally : >>., Societies occupy- 
ing themselves with several Bnmches of 
Science, or with Science and Literature 



jointly. 



I n. Mathematics and Physics. 
S 3. Chemistry and Photography, 
f 4. Geology, Geography, and Mineral(^7. 
% 5. Biology, including Microscopy and An- 
thropology. 



§ 6. Economic Science and Statistics. 

I 7. Mechanical Science, Engineering, and 

Architectura. 
S S. Naval and Military Science. 
§ 9. Agriculture and Horticulture. 
1 10. Law. 
§11. Literature. 
f 13. Psychology. 
§13. Archaeology. 



$ 14. Medicine. 

"•The Year-Book of Societies' fills a very real want." — 
Engineering. 

** Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
fournal. 

" The Year-Book of Societies is a Record which ought to be of the ^eatest use for 
the progress of Science." — Xorf£ Play/air^ F.R.S.t K.C.B., M.P.^ Past-President of the 
British Association. 

" It goes almost without saying that a Handbook of this subject will be in time 
one of the most generally useful works for the library or the desk."— T'Ag Times. 

"British Societies are now well represeatea In the 'Year-Book of the Scientific and 
Learned Societies of Great Britam and Ireland.'"— (Art. "Societies" in New Edition of 
** Encyclopsedia Britannica," vol. xxii.) 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the following Issues, 



The YEAR-BOOK OF SOCIETIES forms a complete index to 
THE SCIENTIFIC WORK of the"^ar in the various Departments. 
It is used as a ready Handbook in all our great SciENTinc 
Centres, Museums, and Libraries throughout the Kingdom, 
and has become an indispensable book of ref erence to every 
one engaged in Scientific Work. 
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Fifth Edition, Thor6ughly Revised and Enlarged. With 
Additional Illustrations. Price 6s. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Ftllcw^ Mem. Council^ and Examiner, Saniiarv Institute of Great Britain, 
and Mtdicdl Officer to tht Staffordshire County Council. 

"Waftb an appcn&lj on Sanitars Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer of Health /or the County Borough of West Brommich. 

General Contents.— Introduction— Water Supply: Drinking Water, 
Pollution of Water — Ventilation and Warming — Principles of Sewage 
Removal — Details of Drainage ; Refuse Removal and Disposal — Sanitary 
and Insanitary Work and Appliances — Details of Plumbers' Work— House 
Construction — Infection and Disinfection — Food, Inspection of; Charac- 
teristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food — 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

"Dr. Reid's very useful Manual . . . abounds in pkacticai. detail."' 
— British, Medical Journal. 

"A VERY USEFUL HANDBOOK, with a Very useful Appendix. We recommend 
it not only to Sanitary Inspectors, but to Householders and all interested' 
in Sanitary matters." — Sanitary Record. 



Third Edition, Revised. Large Grown 8»o. Handsome Cloth, it, 

A MANUAL OF AMBULANCE, 



By J. SOOTT EIDDELL, CM., M.B., M.A., 

sat.-Surgeon, Aberdeen Boyal Inflrmary : Lecturer and E xaminer to the 

ibulance AsBOciatlon : Examiner to the St. Andrew's Ambulance Associat 

Qlasgow, and the St. John Ambulance Association, London. 

With Numerous Illustrations and Fall Page Plates. 



General Contents. — Outlines of Human Anatomy and Physiology — 
The Triangular Bandage and its Uses — The Roller Bandage and its Use* 
— Fractures — Dislocations and Sprains — Haemorrhage — Wounds — Insensi- 
bility and Fits — Asphyxia and Drowning— Suffocation— Poisoning— Bums, 
Frost-bite, and Sunstroke — Removal of Foreign Bodies from (a) The Eye ; 
(6) The Ear; (c) The Nose; {d) The Throat; (e) The Tissues— Ambulance 
TraDBport and Stretcher Drill — The After-treatment of Ambulance Patients 
— Organisation and Management of Ambulance Classes — Appendix: : Ex- 
unination Papers on First Aid. 

**A OAPITAX. BOOK. . . . The direotlona are short and oleab, and testify to tb* 
hand of an able Burgeon." — Edin. Med. Journal. 

"This little volume seems tons about as good as it couldpOBBibly be. . . . Gontaina 
pimotleally every piece of information necaasary to render first aid. . . . Should find 
m place in evert HonaiiHoi.D libkibt."— Ziai'/)/ Chronicle. 

*'So ADuiBABLE is this wopk , that it iB dlfQcult to imagine how it could be better." — 
0»IUtrf Ouardian. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



GRIFFIN S "OPEN-A IR" SERIES. 

"Boys COULD NOT HATE A MOBE ALLURINO INTRODUCTION tO scientific puraoitl 

than these charming-looking volumes."— Letter to the Publishers from the Head- 
■master of one of our great Public Schools. 

OPEH-fllR STUDIES IN BOTflHY: 

SKETCHES OP BRITISH WILD FLOWERS 
IN THEIR HOMES. 

'bt 

R. LLOYD PRAEGER, B.A., M.R.I.A. 

Illustrated by Drawings from Nature by S. Rosamond Praeger, 
and Photographs by R. Welch. 

Handsome Cloth, 7s. 6d. Gilt, for Presentation, 8a. 6d. 

GenebaIj Contents. — A Daisy-Starred Pasture — Under the Hawthorns 
— By the River — Along the Shingle — A Fragrant Hedgerow — A Connemara 
Bog — Where the Samphire grows — A Flowery Meadow — Among the Com 
(a Study in Weeds)— In the Home of the Alpines — A City Rubbish-Heap— 
Glossary. 

" A FRESH AND STIMULATING book . . . should take a high place . Th» 

dIUustrations are drawn with much skill." — The Times. 

" BEAUTIFULLY ILLUSTRATED One of the MOST ACCURATE as well a« 

INTERESTING books of the kind we have seen." — Athenteum, 

"Redolent with the scent of woodland and meadow." — The Standard. 

"A Series of stimulatinq and delightful Chapters on Field-Botany."— rft< 

Seot^nan. 

"A work as fresh in many ways as the flowers themselves of which it treats. Th» 

ttiCH STORK of information which the book contains . ." — The Garden. 



OPEK-AIR STUDIES IH GEOItOGY: 

An Introduction to Geology Out-of-doors. 

BY 

GRENVILLE A. J. COLE, F.G.S., M.R.LA., 

Professor of Geology in the Itoyal College of Science for Ireland. 

With 12 Full-Page Illustrations from Photographs, Cloth. Ss. 6d, 

General Contents. — The Materials of the Earth — A Mountain Hollow 
— Down the Valley — Along the Shore — ^Across the Plains — Dead Volcanoei 
—A Granite Highland— The Annals of the Earth— The Surrey Hills— The 
■Folds of the Mountains. 

"The FASCiNATiNQ 'OpEN-AiB STUDIES' of Prof. Oole givo the subject a glow of 
A^iUATioN . . , cannot fail to arouse keen interest in geology" —Oeological McLgaeine, 

"Eminently readable . . . every small detail in a scene toncbed with a sym- 
(}athetic kindly pen tbat reminds one of the lingering brush of a Constable."— iVature. 

"The work of Prof. Oole combineB elegance of style with scientific thoboughnbbs." — 
^etermann' s Mittheilungen. 

" The book is worthy of its title : from cover to cover it is strong with bracing freshnesp 
of the mountain and the field, while its accuracy and thoroughness show tbat it ia thtt 
work of an earnest and conacientious student . Full of picturesque tonchei which 

*re most welcome."— i^^o^urai Science. 

" A CHARHtNG BOOK, beautifutly illustrated."— i4/Aenastim. 

LONDON: CHARLES GRIFFIN & CO., LIMITEO- EXETER STREET, STRANd 



